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INTRODUCTION 
Fo r ma ny yea rs the pa thology depa rtment at the 
Medica l College of Virginia has been a n important 
center for studies in pa leopatho logy. O ver the p ast 
ten yea rs members o f the department have collabora-
ted with numerous investigators both in the U nited 
States and a broad, giving semina rs and training to 
physicians, anthropologists, and a rchaeologists. In 
the spring o f 1977, a symposium was orga nized at the 
annua l meeting o f the Ame rican Association o f Phys-
ica l A nth ropologists in Seattl e, W ashington, to bring 
together investigators in t he area o f pa leoepide-
mio logy. At this meet ing resea rchers fro m MCV and 
other institutio ns at tempted to correlate d ata fro m a 
va riety o f sources and provide scho la rs in ma ny dis-
ciplines with a resume o f some disease ma nifestati ons 
of va ried etiolog ies. 
R eaders o f the MCV Q UA RTER LY, Vo lume 
12, N um ber 2, 1976, wi ll remem ber the series of 
stud ies in pa leopatho logy published by investigato rs 
at MC V. W e believe it will be of interest to publi sh in 
thi s issue some o f the pa pers presented a t the Seattle 
meeting by outside investigators whose studies cover 
a reas of the U nited Sta tes, the Eastern Mediterra-
nean , a nd Egypt. 
THE EDITORS 
Patterns of Prehistoric Epidemiology and 
Human Paleopathology 
MAHMOUD Y. EL-NAJJAR, PH.D. 
Assistant Professor of Anthropology, New Mexico State University, Las Cruces, New Mexico 
Human paleopathologists are interested in the 
visible marks of diagnosable diseases that reflect vari-
ous aspects of human biocultural interaction. 
Whether infectious, nutritional, or a combination of 
both, pathological characteristics in the dry bone 
provide some insight into the health of past human 
populations. Paleoepidemiology and human paleopa-
thology are important parts of ecology in that they 
deal directly with a major aspect of man's relation-
ship to his environment. The significance of this rela-
tionship has, to a large extent, been neglected by 
human skeletal biologists. The purpose of this study 
is to examine one of the most important aspects of 
human biocultural interaction: patterns of nutritional 
stress. 
Materials and Methods 
The present study is based on the analysis of 249 
human skeletons from the Canyon de Chelly and 
Canyon del Muerto area in northeastern Arizona. 
The prehistoric people of Canyon de Chelly a re ideal 
for this type of study. First, they represent an excel-
lent collection of human skeletal remains composed 
of infants, children, and adults. Second, their cu ltu ral 
history, physical characteristics, biological affi nity, 
and dietary habits have been intensively investi-
gated.1 - • The inhabitants of these two canyons were 
the seminomadic hunters and gatherers, "Basket 
Presented a t the symposium on Paleoepidemiology, 46th An-
nual Meeting of the American Association o f Physical Anthropol-
ogists, 14 April , 1977, Seattle, Washington. 
Correspondence and reprint requests to Dr. M . Y . El-Najjar, 
Department of Anthropology, New Mexico State University, Las 
Cruces, New Mexico, 88003. 
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Makers," and their descendant agriculturists, "The 
Pueblos." These two groups occupied Canyon de 
Chelly and Canyon del M uerto from AD 100 to AD 
1300 when they abandoned their homes and moved 
south. 
Canyon de Chelly and its major tributary Can-
yon del Muerto occupy an important geographic 
position serving as a crossroads area in the heart 
of the Pueblo region . The main canyo n, the larg-
est in the Defiance Plateau, has been cut in the 
western slope by a series of small streams which 
combine near its head to flow in a westerly direction. 
The mouth of Canyon de Chelly is on the eastern 
border of the Chinle Valley and is about 140 miles 
south-southeast of Mesa Verde, approximately 60 
miles from the Utah boundary, and 25 miles east of 
the New Mexico border. The Chaco Canyon ruins lie 
about 80 miles to the east and those of San Juan are 
60 to 80 miles to the north and northeast. 
Age and sex distribution are given in T able I. 
Of these skeletons, 182 are stored at the American 
Museum of Natural History in New York City, 18 at 
the Field Museum in Chicago, and 49 at the Human 
Variation Laboratory at Arizona State University, 
Tempe, Arizona. 
Four pathological conditions often used by hu-
ma n paleopathologists as indicators of health condi-
tions were studied: lines a nd bands of increased den-
sity in bone, suggesting growth disturbances; dental 
wear; the incidence of antemo rtem tooth loss: and 
dental caries. In addition, the prevalence of porotic 
hyperostosis among these canyon inhabitants is re-
viewed briefly. Lines and bands of increased density 
were examined using x-ray a nalysis. All other a naly-
ses were done macroscopically. 
3 
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TABLE I 
Age and Sex Distribution at Canyon de Chelly 
GROUP 
Basket Makers 
Pueblos I + II 
Pueblo III 
TOTAL 
*All dates AD 
TIME 
PERIOD* 
300- 700 
700-1100 
900-1300 
MALES FEMALES 
32 45 
16 9 
19 14 
67 68 
SEX 
UNKNOWN CHILDREN TOTAL 
9 52 138 
6 14 45 
9 24 66 
24 90 249 
Note: All percentages have been rounded off to the nearest whole number. 
Results 
Unlike other parts of the human skeleton, teeth 
preserve well and often reflect the general health con-
ditions of an individual or a population. Environ-
mental stress in terms of dieta ry habits, food prepara-
tion, and the use of teeth as tools are known to affect 
tooth structure, health, and survival. Dental wear, 
antemortem tooth loss, and dental caries leave recog-
nizable structural and pathological defects on the 
tooth and are examined here. 
Dental wear. Among the adult population of 
Canyon de Chelly, severe dental wear is common. In 
almost all individuals over 30 years of age, dental 
wear is so severe that any relevant inform ation on 
dental crown morphology is impossible. 
The wearing away of the tooth surface is a nor-
mal result of tooth structure, function, eating habits, 
and methods of food preparation. The degree of attri-
tion is also determined by the ha rdness of the teeth, 
the condition of the supporting bone, the periodontal 
tissue, and the habits of mastication. In this study, 
estimates of the degree of dental wear follow the 
classification of no wear, dentine visible, cusps gone, 
pulp exposed, and root stumps functional. Tables 2 
and 3 present the different degrees of wear in the 
upper and lower jaws. Among the Basket Maker 
group, only 7% (4/ 55) show no wear in the upper jaw 
and 8% (4/ 49) in the lower jaw. In the Pueblo group, 
9% (2/22) show no wear in the upper jaw and 11 % (2/ 
19) in the lower jaw. With two exceptions, none of 
the differences in the incidence or degree of dental 
wear between the Basket Maker and Pueblo individ-
uals are statistica lly significant. This is not unex-
pected since archaeological and cultural historical 
data show that their lifestyle and dietary habits did 
not alter through time. The high degree of severe 
dental wear is probably the result of eating habits and 
food preparation . The most common and preferred 
TABLE 2 
A Comparison of the Various Degrees of Dental Wear Between the Upper and Lower Jaws (Sexes Pooled) of the 
Basket Makers and Pueblos at Canyon de Chelly 
UPPER JAW LOWER JAW 
BASKET MAKERS x/ y % x/y 
0. No wear 4/ 55 7 4/ 49 
1. Dentine visible 20/ 55 36 20/ 49 
2. Cusps gone 12/ 55 22 9/ 49 
3. Pulp exposed 15/ 55 27 15/ 49 
4. Root stumps functional 4/55 7 1/ 49 
PUEBLOS 
0. No wear 2/ 22 9 2/19 
I . Dentine visible 6/ 22 27 3/ 19 
2. Cusps gone 7/22 32 6/ 19 
3. Pu lp exposed 4/22 18 5/ 19 
4. Root stumps functional 3/ 22 14 3/ 19 
x/ y = number of individuals showing evidence of dental wear/ total number of individuals. 
Note: All percentages have been rounded off to the nearest whole number. 
% X' 
8 0.02 
4 1 0.23 
18 0.23 
31 0. 15 
2 1.64 
II 0.01 
16 0.78 
32 0.00 
26 0.50 
16 0.03 
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TABLE 3 
A Comparison of the Degree of Dental Wear Between the U pper and Lower Jaws of the 
Basket Makers and Pueblos at Canyon de Chelly 
P UEBLOS BASKET MAKERS 
x/ y % x/ y 
UPPER JAW UPPER JAW 
0. No wear 2/22 9 4/ 55 
I . Dentine visible 6/22 27 20/ 55 
2. Cusps gone 7/ 22 32 12/ 55 
3. Pulp exposed 4/ 22 18 15/ 55 
4. Root stumps functional 3/ 22 14 4/ 55 
LOWER JAW LOWER JAW 
0. No wear 2/ 19 II 4/ 49 
I. Dentine visible 3/ 19 16 20/ 49 
2. Cusps gone 6/ 19 32 9/ 49 
3. Pulp exposed 5/ 19 26 15/ 49 
4. Root stumps functional 3/ 19 16 1/ 49 
x/ y = number of individuals showing evidence of dental wear/ total number of individua ls. 
• Significant at the 0.05 level. 
Note: All percentages have been rounded off to the nearest whole number. 
% 
7 
36 
22 
27 
7 
8 
41 
18 
31 
2 
5 
X' 
0.08 
0.56 
0.88 
0.67 
0.60 
0.08 
3.85* 
1.37 
0.13 
4.82* 
way of food preparation, especially corn, was by 
grinding it on a stone metate. This introduced grit 
and other abrasive material, leading to extreme wear 
on the teeth of these canyon dwellers. 
Antemortem tooth loss. The incidence of ante-
mortem tooth loss among the adult population at 
Canyon de Chelly is also very high. In the Basket 
Maker and Pueblo groups over 50% of the individ-
uals have fewer than four teeth in the sockets and 
over 22% were edentulous. The prevalence and distri-
bution of lost teeth in the various tooth categories is 
given in Tables 4 and 5. The average incidence of 
tooth loss is 18% in the upper jaw and 27% in the 
lower jaw of the Basket Makers, and 16% in the 
upper jaw and 32% in the lower jaw of the Puebloans. 
In the upper jaws of the Basket Makers, the lowest 
incidence of antemortem tooth loss is the right ca-
nines (9%) and the highest is in the left second pre-
TABLE 4 
Antemortem Tooth Loss in the Upper and Lower Jaws of the Basket Maker Adult Males and Females, Canyon de Chelly 
UPPER JAW Lower Jaw 
TOOTH GROUP Number % Number % X' 
Left central incisors 9/ 48 19 8/ 32 25 0.45 
Right central incisors 9/ 47 19 6/ 32 19 0.01 
Left lateral incisors 10/ 48 2 1 6/ 32 19 0. 18 
Right lateral incisors 7/ 49 14 7/ 32 22 0.81 
Left canines 7/ 47 15 7/ 32 22 0.61 
Right canines 4/ 47 9 5/ 32 16 1.00 
Left first premolars 5/ 48 IO 9/ 32 28 4.15* 
R ight first premolars 7/ 49 14 8/ 32 25 1.45 
Left second premola rs 11 / 48 23 12/ 32 38 1.97 
Right second premolars 7/ 49 14 7/ 32 22 0.83 
Left first molars 11 / 48 23 12/ 32 38 1.97 
Right first molars 11 / 49 22 10/ 32 3 1 0.74 
Left second molars 11 / 48 23 12/ 32 38 1.97 
Right second molars 11 / 49 22 13/ 32 41 3.02 
* Significant at the 0.05 level. 
Note: All percentages have been rounded off to the nearest whole number. 
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TABLE 5 
Antemortem Tooth Loss in the Upper and Lower Jaws of the Pueblo Adult Males and Females, Canyon de Chelly. 
TOOTH GROUP 
Left central incisors 
Right central incisors 
Left lateral incisors 
Right lateral incisors 
Left canines 
Right canines 
Left first premolars 
Right first premolars 
Left second premolars 
Right second premolars 
Left first molars 
Right first molars 
Left second molars 
Right second molars 
* Si9nificant at the 0.05 level. 
** Significan t at the 0.01 level. 
UPPER JAW 
Number % 
5/38 13 
3/38 8 
4/ 39 10 
5/ 38 13 
3/ 39 8 
2/ 38 5 
4/ 40 10 
4/ 39 10 
7/ 40 18 
7/ 39 18 
11 / 40 28 
13/ 40 33 
9/ 40 23 
11 / 40 28 
LOWER JAW 
Number % X' 
3/ 26 12 0.03 
3/26 12 0.24 
2/25 8 0.24 
4/ 25 16 0.10 
2/ 25 8 0.02 
3/ 25 12 0.89 
6/ 25 24 2.37 
7/ 25 28 3.34 
11/ 25 44 5.45* 
10/25 40 3.75 
15/ 25 60 6.76 
14/ 25 56 3.45 
15/ 25 60 9.36** 
16/ 25 64 8.37** 
Note: All percentages have been rounded off to the nearest whole number. 
molars, left first, and left second molars (23% ). Only 
the left first premolars show significant differences in 
the incidence of antemortem tooth loss between the 
upper and lower jaws of the Basket Maker group. 
Among Puebloans, the lowest incidence of tooth 
Joss (5%) is in the right upper canines and the highest 
(33%) is in the upper first molars. In the lower jaw, 
the lowest incidence is in the left lateral incisors and 
in the left canines (8%) and the highest is in the right 
second molars (64% ). In comparing the upper and 
lower jaws of the Puebloans, the differences in only 
three tooth groups, left second premolars, left first 
molars, and left and right second molars, are signifi-
cant at the 0.05 and 0.01 levels respectively. The 
average incidence of antemortem tooth loss of the 
upper and lower jaws of the Basket Maker and 
Pueblo groups were also compared. Chi-square val-
ues of 0.54 and 1.75 for the upper and lower jaws 
respectively were nonsignificant. 
Tooth loss has been attributed to periodontal 
diseases as well as nutritional deficiences. Shaw1 finds 
acute protein deprivation in albino rats to cause de-
generation of the connective tissue components of the 
gingiva and the periodontal membrane, osteoporosis 
of the alveolar bone, and retardation in the formation 
of the cementum . Kerr2 indicates that vitamin C defi-
ciency enhances gingival bleeding due to local factors 
because of the a ltered capillary permeability. It a lso 
prevents repair of the periosteum in the face of 
chronic destructive periodontal disease, so that the 
disease may progress more rapidly in the individual 
with the vitamin deficiency. The higher incidence of 
tooth loss among these canyon dwellers than else-
where in the American Southwest appears to be re-
lated to some form of nutritional stress, dental dis-
eases due to lack of personal hygiene, eating habits, 
and the use of teeth as tools in basket-making. 
Dental caries. Unlike severe dental wear and 
high incidence of antemortem tooth Joss, the in-
cidence of dental caries among the Canyon de Chelly 
people is comparatively low. Only 15% (8/ 55) of the 
adult Basket Maker individuals have one or more 
carious teeth in the upper jaw and 31 % (15/ 49) in the 
lower jaw. Among Puebloans, 14% (3/22) have one 
or more carious teeth in the upper jaw and 26% (5/ 
19) in the lower jaw. The differences in the incidence 
of dental caries between the Basket M akers and 
Puebloans are nonsignificant. 
The incidence of dental caries among other 
Southwestern Puebloans is much higher. Hooton,3 in 
his study of the Indians of Pecos .Pueblo, New Mex-
ico, reports dental caries in 46% of the males and in 
49% of the females . The incidence, according to Hoo-
ton, increases from prehistoric to historic times. C. 
Swanson reports (written communication, June, 
1976) an even higher incidence of dental caries 
among the Gran Quivira Pueblo Indians, New Mex-
ico. The Spanish established a mission at Gran Quiv-
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ira and for over a century the inhabitants suffered a 
great deal from malnutrition, diseases, and epidemics 
introduced by the settlers. Neumann and Disalvo4 
found dental caries to be low among Indians on their 
native diets, but on the increase with the adoption of 
modern diets which are higher in carbohydrates and 
are inadequate from the viewpoint of balanced nutri-
tion . 
Discussion 
Although emphasis on different food items may 
have changed during the 1,000 years ofoccupation of 
Canyon de Chelly, there appears to be no major 
shift(s) in essential dietary constituents. Throughout 
this period, the dietary emphasis remained on corn, 
beans, and squash.5 During the period between AD 
200 and AD 700, environmental conditions necessary 
for successful cultivation of corn, such as availability 
of soil moisture when the soils are sufficiently warm 
for germination, abundance and frequency of rain 
during the growth and filling periods, and the date of 
the first killing frost, existed as they do today .6 The 
most important change between AD 700 and AD 
1000, was the introduction of a new variety of corn 
which was larger, of a high yield per plant, and more 
drought-resistant. This variety made smaller plots 
more productive and corn could be grown under 
more diverse conditions.6 Wild plants, such as cactus 
pods, fruits, amaranth, chenopods, and pifion nuts, 
all of which grow abundantly in the Canyon de 
Chelly area today, may also have been used for food. 
For the prehistoric infants at Canyon de Chelly, 
breast milk provided an adequate food source even 
under conditions where diet and sanitary facilities 
were serious health hazards. During the early months 
of infancy, milk provides a balanced and nutritious 
diet. If lactation is prolonged beyond six months of 
age, then supplementary foods must be added. Once 
these infants were weaned, the introduction of foods 
other than breast milk may have led to various types 
of health-related problems. The family diet may have 
lacked the sanitary conditions provided by breast 
milk and the adult diet may not have contained the 
essential nutrients which are much more critical for 
the growing child. 
At Canyon de Chelly, environmental conditions 
(communal living during the intensive farming 
Pueblo period, water and food contamination, and 
the lack of sanitary facilities) were such that a variety 
of infectious agents were easily introduced, in partic-
ular, those pathogens related to gastrointestinal dis-
orders. The domestication of the turkey introduced 
an additional variety of disease vectors. Turkey do-
mestication has been associated with salmonella 
which can cause diarrhea. For these weanlings, mor-
bidity and mortality would be at a maximum. Of the 
249 human skeletons recovered from the Canyon de 
Chelly area, 23% (56) were of children under three 
years of age. Colton7 reports that epidemics brought 
about by lack of sanitary facilities caused decimation 
of whole Pueblo groups in prehistoric and historic 
times. Among contemporary Pueblos, infectious di-
arrhea is still the major health problem and the cause 
of high rates of infant mortality . Significant differ-
ences in infant morbidity and mortality within the 
same Pueblo village, depending on the availability of 
running water in the inhabitants' homes, has been 
reported by Sievers8 and Rubenstein et al. 9 
The adjustment of infants to the adult diet, often 
lacking the necessary requirements of iron and pro-
tein, was another health problem. For example, in 
spite of the low biological value and concentration of 
proteins and iron in corn, adults can normally satisfy 
their nutritional needs if enough corn is consumed. 
For children, however, the situation is different. An 
infant or young child would have to consume 450 gm 
of corn or about 800 gm of tortilla to satisfy its daily 
protein requirements . Not only is this physically im-
possible,10 but the child would consume more calories 
than it needs. This shift from breast-feeding to an 
iron- and protein-deficient diet at a time when the 
need for these nutrients is at its maximum may have 
further lowered these children's resistance to other 
childhood diseases. J elliffe" reports, for example, 
that individuals with protein-deficient diets have a 
lower resistance to disease. 
These factors are reflected in the bands of in-
creased density found during the period of bone 
growth in a sample of 36 femora from 20 individuals 
radiographed. The combined count of lines-plus-rem-
nants was 1.8 per femur. This incidence is high. That 
these lines and bands are associated with disease epi-
sodes, particularly during childhood, has been sug-
gested by several authors. 12 - 14 Caffey15 reports that 
Harris lines are formed as a result of growth distur-
bance due to metabolic insults, especially starvation 
and fever. Park et al16 and Garn et al 17 suggest that 
these lines may be the result of a disease, the con-
sequence of therapy, or may result from the ingestion 
of heavy metals such as bismuth and lead; however, 
as these lines do resorb, it is difficult to relate them to 
any specific etiology. Schwager,18 for example, has 
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shown that a new line may appear even though no 
disease was reported in the previous six months. 
G ray19 has also indicated that the presence of lines in 
an adult population does not conclusively point to a 
rugged childhood. 
Recent longitudinal study by Garn et al17 at the 
Fels Research Institute has demonstrated a signifi-
cant correlation between certain disease episodes and 
the appearance of new lines. Whooping cough, chick-
enpox, pneumonia, smallpox immunization, and mi-
nor surgery such as tonsillectomy and adenoidectomy 
were all associated with line formation. McHenry,20 
examining California Indians, also reports that lines 
and bands of increased density form as a result of 
starvation and disease, and therefore, their incidence 
should reflect nutritional and/or the disease status of 
the population . 
The distribution of porotic hyperostosis (Table 
6), a pathological condition resulting from bone mar-
row hyperplasia, provides additional evidence to the 
probable cause(s) of the high rates of infant mortality 
at Canyon de Chel ly. It has been shown5•21 - 23 that 
porotic hyperostosis among Southwestern American 
Indians inhabiting canyon bottoms was due to nutri-
tional anemia, possibly a combination of iron and 
protein deficiencies. Porotic hyperostosis reaches an 
unusually high incidence of 88% among the Canyon 
de Chelly Pueblo children where these two items are 
known to be lacking. In neighboring sage plains areas 
where the diet contained ample iron and protein, the 
incidence is only 18%. 
Conclusion 
The type and degree of pathological manifesta-
tions in the skeletons of the Canyon de Chelly people 
show signs of environmental stress. The high rates of 
infant mortality and morbidity appear to be the result 
of inadequate nutrition during the critical periods of 
growth. Poor sanitary conditions further lessened 
these children's resistance to common childhood dis-
eases, making them easy prey to disease epidemics. 
The adult population, however, does not appear to be 
unhealthy. It cannot be precisely documented how 
dietary habits affected the dental health of the adult 
population. Limited food varieties, food preparation, 
mastication of plant roots, and other stresses 
imposed by the environment, a ll undoubtedly con-
tributed to the prevalence of dental wear and ante-
hlortem tooth loss. This suggests a rapid effect of 
tooth-destructive forces, which can be viewed as 
more critical here than elsewhere in the American 
Southwest. Tooth retention has adaptive value, and 
from this study a picture of heavy stress seems to 
emerge for these canyon dwellers. From the existing 
data it can only be suggested that the canyon habitat 
seems to have adversely affected tooth survival, possi-
bly due to the inhabitants' over-dependency on cario-
genic maize as well as a diet generally lacking in 
roughage a nd animal protein . 
TABLE 6 
Geographic, Age and Sex Distribution of Porotic Hyperostosis 
Number with PH/ total number Number with PH/ tota l number 
I. Geographic distribution Canyon sites 
Total 54% 146/ 270 15% 
Children 76% 68/ 90 17% 
2. Age distribution C hildren 
Canyon sites 76% 68/ 90 43% 
Sage p la ins 17% 19/ 110 13% 
3. Sex distribution Males 
Canyon sites 37% 3 1/ 84 49% 
Sage p la ins 13% 10/75 12% 
* All values are highly sign ificant. 
Canyon sites = Canyon de Chelly, Chaco Canyon, Inscription House, Arizona 
Sage plains sites = Gran Quivira, Navajo Reservoir district, New Mexico 
Note: All percentages have been rounded off to the nearest who le number. 
Sage p lains sites 
39/ 269 
19/ 11 0 
Adults 
78/ 180 
20/ 159 
Females 
47/ 96 
10/ 84 
X' 
93.5* 
68.4* 
25.0* 
1. 19 
2.65 
0.08 
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Porotic Hyperostosis in the Eastern 
Mediterranean 
J. LAWRENCE ANGEL, PH.D. 
Curator, Division of Physical Anthropology, Smithsonian Institution, Washington, D.C. 
Porotic hyperostosis is bone expansion caused 
by hypertrophy of blood-forming marrow. It usually 
affects the skull diploe in adults and the long bones, 
face, skull vault, and sometimes the trunk in children, 
often with some thinning and porosity in the cortex 
and even the formation of a double cortex (bone-in-
bone) in severe infections.1- s Excess formation of red 
cells in hematogenous marrow can come from sickl-
emia or thalassemia (especially in the homozygous 
form), from other hemolytic anemias including un-
usual blood defects like spherocytosis, and from iron 
deficiency anemia.7•8 Presumably hookworm, ame-
biasis and other dysenteries, endemic malaria, and 
even high-altitude anoxia: can produce enough 
anemia to expand the bone marrow space in some 
people, though there is no detailed evidence for this. 
Slight thickening and porosity of bone in ancient 
skeletons may indicate any of several anemias, either 
singly or in combination; however, extreme thick-
ening of 3 mm to 7 mm extra diploic thickness in the 
skull, or marked puffiness of tubular bones in a 
young child or infant found in an Old World ceme-
tery population, with both strongly affected and unaf-
fected children dying unusually early, points to thalas-
semia (or possibly sicklemia) with both homozygotes 
and heterozygotes. Such observations would be plau-
sible evidence for falciparum malaria killing the unaf-
fected children and anemia killing the hyperostotic 
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ones on the assumption that thalassemia, like sickl-
emia, is a true, balanced polymorphism which pro-
tects against Plasmodium falciparum. 9 If in addition 
to the above details, the maxillae and the greater 
wings of the sphenoid in affected children are thick-
ened, thalassemia is likely. If there are few adults 
involved and the affected child skeletons show joint 
necrosis and "stepped" vertebral end-plates, sickl-
emia is likely,8 as. heterozygotes a re virtually unaf-
fected in this disease. It is not known how much bone 
change can occur in glucose-6-phosphate dehy-
drogenase (G6PD) deficiency (favism). Iron defi-
ciency anemia usually centers on the skull diploe even 
in children. 
In all of these anemias there is great variability in 
the bone response3•8 depending on the severity of red 
cell destruction, the individual hyperplasticity of the 
marrow, and the location of marrow hyperplasia, 
often in the entire skeleton in young children, and 
largely or entirely in the skull diploe in adults. Sur-
face porosity of skull bone alone, usually extra-
cranial, is not porotic hyperostosis and often in-
dicates nutritional deficiency, as in mild rickets10 or 
even scurvy, but not anemia. 
Material and methods 
·This study of porotic hyperostosis is based on 
1,750 adult skeletons and 584 child and infant 
skeletons a ll from Greece and Western Turkey. They 
were observed and measured on nine field trips since 
1937,11•12 supported in part by the Guggenheim and 
Wenner-Gren Foundations, the American Philo-
sophical Society, the Smithsonian Institution, Jeffer-
son Medical College, Harvard University, and with 
the assistance of many unnamed persons. 
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Discussion 
W elcker13 was the first to show from a geograph-
ical standpoint how widespread porotic hyperostosis 
is, with its frequently accompanying thickened cribra 
orbitalia, in the whole belt from West Africa and the 
Mediterranean to Indonesia and on to Japan 14 and 
the New World. The incidence is 5% to 10% on the 
peripheries and 30% to 45% from Central Africa to 
Indonesia. The geographic fit of porotic hyperostosis 
with abnormal hemoglobins and with falciparum ma-
laria is good15 except in the New World.16 Here, other 
anemias must have been responsible, as they must be 
elsewhere when frequencies of porotic hyperostosis 
are too high to reflect only abnormal hemoglobins. 
The intent of this paper is to look for the origins 
of these correlations of porotic hyperostosis. The 
basic data for this problem appear in the Table. 
Chronologically, porotic hyperostosis seems to 
begin at the transition from the Upper Paleolithic to 
the Mesolithic periods in Africa and the Mediterra-
nean. This theory is based on one of about 20 of the 
latest Paleolithic adult skulls from Taforalt in East 
Morocco, 17 a single skull from Sicily, 18 at least four 
of eight adults from Mesolithic Lothagam (then a 
peninsula in Lake Turkana), and two of six adults 
and one infant from the Mesolithic Franchthi Cave at 
the southeast corner of the Bay of Argos in Greece in 
the eighth millennium BC strata. 19 
In Early Neolithic times from the seventh 
through the fifth millennium BC, porotic hyperostosis 
has been reported in 43% (71) of 165 adult skulls at 
<;atal Hiiyiik at about 900 m altitude on the Konya 
plain in West-Central Turkey,20 at Nea Nikomedeia 
(at that time in the coastal marshes of the Haliakmon 
delta on the Macedonian plain in Greece), and at 
Franchthi Cave.21 Of 40 children at <;atal Hiiyiik only 
2 showed marked porotic hyperostosis and 7 slight 
hyperostosis, although marked porotic hyperostosis 
occurred in 17% (4) of23 children plus infants at Nea 
Nikomedeia, and 39% (9) showed slight porotic hy-
perostosis, including one bone-in-bone formation. 22 
Perhaps the difference in altitude and temperature is 
significant as suggested by de Zulueta (written com-
munication, October 15, 1975). This general excess of 
porotic hyperostosis develops with the unusually 
warm temperatures of Boreal and Atlantic times and 
with the development and spread of farming in unfo-
rested areas 0f soft soil near water. 23 - 25 Middle and 
Late Neolithic and then Early Bronze Age frequen-
cies drop to 21 % and 12% overall, but with 50% (7) of 
14 adults and 57% (4) of 7 children at the E. B. 
Cheliotomylos site at Old Corinth next to marshy 
water channels. After the cooling trend of the Early 
Bronze Age and the beginning of lower sea levels, 
Middle Bronze Age Lerna next to a coastal marshy 
spring5 shows that porotic hyperostosis decreased to 
15% (l l) of 73 adults, with strongly affected children 
and infants (N = 84) down to 8% (7) and slightly 
TABLE 
Percentage Frequency of Porotic Hyperostosis in the Eastern Mediterranean 
ADULTS CHILDREN AND INFANTS 
PERIOD Slight +and++ Number Slight +and++ Number 
Romantic 1800-1900 36 (72) I (2) 200 
Baroque 1400-1800 45 (24) 2 (I) 53 3 , 
Byzantine 600-1400 10 (9) 2 (2) 87 8 (I) 8 (1) 12 
Roman 120-600 24 (24) I (I) 100 3 
Hellenistic 300 BC-AD 120 12(17) I (2) 138 22 (2) 9 
Classic 650-300 5 (7) I (2) 151 13 (4) 0 30 
Early Iron Age 1150-650 6 (7) I (I) 114 16 (8) 0 51 
Late Bronze Age 1500-1150 8 (17) I (2) 215 10 (8) I (I) 81 
Middle Bronze Age 2000-1500 11 (19) I (2) 169 16 (23) 6 (9) 148 
Early Bronze Age 3000-2000 11 (37) I (3) 332 7 (12) 5 (8) 163 
Neolithic 5000-3000 18 (11) 3 (2) 63 9 (2) 5 (I) 22 
Early Neolithic 33 (54) 10 (17) 165 25 (19) 9 (7) 75 
Mesolithic 9000-6500 17 (I) 16 (I) 6 33 (I) 3 
Note: Sexes are combined as there is no sex difference in frequency of porotic hyperostosis. + degree = a doubling of diploic thickness; 
+ + degree = a thinning of outer table and in children, swelling and distortion of long bones. About one fifth of the slight frequency in 
children is solely cribra orbitalia. In Mesolithic times and for juveniles from Classic times onward samples are too small to be reliable. 
About 380 infants were omitted, mostly full term, from a Hellenistic well in the Athenian Agora (Angel') since commingling makes study 
of their skulls difficult. Their inclusion would change the Hellenistic child + infant frequency of porotic hyperostosis. 
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affected down to 17% (14 )-just half of the Early 
Neolithic level by 1700 BC. Other sites vary widely 
depending on their proximity to marshes or water 
which could support anophelines22: at Early Neolithic 
Khirokitia, porotic hyperostosis is 11 % (4) of 36 indi-
viduals in rocky central Cyprus; at Late Neolithic 
Kephala, it is 7% (2) of 32 on a rocky headland of 
Kea island; and at Early Bronze Age Karata§, it is 
12% (36) in 300 adults in a fertile Lycian mountain 
valley far from the lake-all less than at Corinth and 
Lerna which are near marshy water. 
A decrease in sea level to at least 2 m below 
today's,24 dryness, and rapidly improving farming 
techniques5·12 leading to an increased population den-
sity from about 10 to 30/km2 during the Early to Late 
Bronze Age26 should have continued to reduce breed-
ing places for anophelines. This fits the continuation 
of the virtually straight-line drop in adult porotic 
hyperostosis from 21 % to 2% over the 4,000 years 
from Late Neolithic to Classical times. But during the 
turbulent fourth century BC a slight warming of the 
already more humid climate and the beginning of a 
rise in sea level ushered in 500 years of more marshi-
ness and warmer temperatures, coupled with some 
breakdown of farming practices during the epidemics 
of the later Roman Empire. Porotic hyperostosis in-
creased tenfold during this time, decreased slightly 
during the Byzantine recovery, and then doubled-
not entirely in step with the new silting of valleys in 
medieval times27-followed by the Little Ice Age, 
with lower sea levels, to modern times.24 The post-
Classical increases in porotic hyperostosis occurr'ed 
during the known spread and increase of the ma-
larias.28 
Malaria is the most widespread infectious dis-
ease of mankind29·30 and is caused by several species 
of sporozoan parasites (plasmodia) which grow and 
multiply in human endothelium and red cells, but 
conduct their sex life in the stomach and connective 
tissue of female anopheles mosquitoes.31 Each result-
ing zygote produces an egg container which releases 
thousands of sporozoites, some of which reach the 
salivary glands. These sporozoites are injected into 
the capillary blood of man or other primates when 
the mosquito bites to obtain its blood-meal. This sets 
up a continuous parasite cycle between anopheline 
mosquitoes and humans, monkeys, or anthropoid 
apes, the success of which depends first on the mutual 
adaptation or resistance between the human host and 
specific parasites; second on the adaptation of the 
anopheline vector; and third on the ecological condi-
tions limiting the activity of the vector. About 50 
species of anopheline mosquitoes may serve as vec-
tors,32 although de Zulueta et al33 have shown that the 
European Anopheles atroparvus cannot support P fal-
ciparum. In the Eastern Mediterranean, Anopheles 
superpictus, which prefers cool moving water, and 
especially Anopheles sacharovi, became the probable 
carriers of falciparum malaria once the postglacial 
warmth led them to migrate north to Turkey and 
Greece from Africa and Asia respectively, presum-
ably accompanied by people.6 
The ecological point seems too obvious to men-
tion: marshes, puddles, streams, and tree-bole water 
will support larvae of various species of Anopheles 
despite specific limitations of temperature, salinity, 
and stagnation, and today, pollution. Hackett34 uses 
the summer isotherm of 15 C as the possible malaria 
limit because of anophelines over-wintering in warm 
houses, and Garnham35 makes similar claims even for 
vectors of falciparum malaria. But Macdonald36 gives 
19 C as the lower limit for vectors carrying P falcipa-
rum (15 C for Plasmodium vivax), and at Early Neo-
lithic <;atal Hiiyiik with January temperatures per-
haps 5 C warmer than the modern 5 C (July 
temperatures today are 21 C to 25 C), de Zulueta37 
feels that over-wintering may have been impossible; 
at best falciparum malaria there would have been 
seasonal, depending on communications or on the 
warmth of houses during the winter. Anophelines 
must constantly feed on man in his houses, shelters, 
fields (A superpictus also feeds on domestic animals), 
and must get one or more of the plasmodia from him. 
Jones38 and Livingstone39 both stress the importance 
of the introduction of farming in greatly increasing 
the malarias as well as the farmers' later role in 
controlling them. 
An equally critical aspect of the disease, which 
currently affects 200 million people and causes 2 mil-
lion deaths per year, is the adaptation of the host to 
parasites. Most species of vector tolerate all four 
malarial plasmodia with no loss of energy or viability, 
with the exceptions noted above; this is not true of 
the human host. P falciparum (subtertian malaria) is 
much more damaging to man than are Plasmodium 
malariae (quartan), P vivax (benign tertian), or the 
rarer and milder Plasmodium ovate. Furthermore, P 
falciparum today has a more continuous and central 
subtropical distribution from West Africa and the-
Mediterranean to Indonesia and, more recently, to 
tropical America by migration from Africa; it differs 
enough in morphology and physiology for some 
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parasitologists to label it as a separate subgenus 
(Laverania).35 Dunn16 Baker,40 Bruce-Chwatt15 and 
Mattingly41 all stress that both hum an adaptation to 
P malariae, P vivax, and P ovate and their easy trans-
mission to monkeys and to anthropoid apes suggest 
that these plasmodial species evolved together with 
man and other Anthropoidea, probably in Africa arid 
not before the Eocene splitting off of the New World 
monkeys, who acquired their malaria parasites only 
recently after contact with humans in South America. 
This hypothesis of Garnham35 and Mattingly41 makes 
P falciparum a comparatively new mutant, less well 
adapted and hence much more lethal to its vertebrate 
host than the other three malaria parasites . 
The question then emerges 9f the origin and 
spread of this last mutant as related to porotic hyper-
ostosis . To answer this we must know what the physi-
ological reactions to P falciparum are and how well 
we can identify these in prehistoric populations . Fur-
ther questions arise as to the effects of this mutant on 
prehistoric and historic cultural development; as each 
society affected has met this challenge differently, the 
questions go far beyond this paper. 
When malarial plasmodia are injected by 
anopheline mosquitoes in the sporozoite stage, they 
quickly leave the human bloodstream and go through 
several sequences of asexual reproduction in endo-
thelial cells lining blood vessels, in skin macrophages, 
and in the reticuloendothelial tissue of the liver, 
spleen, or kidney. During this phase, lymphocytes 
and other white cells can adapt to the parasite and 
mitigate the infection. At the same time a permanent 
reservoir of plasmodia can be established during the 
destructive anemia-producing phase occurring after a 
week or ten days, when the ameboid plasmodia enter 
red cells and live by engulfing cytoplasm into their 
food vacuoles as was shown in electron micrographs 
by Rodzinska and Trager in bird malaria.42 Moul-
der42 has demonstrated the simplicity of the plasmo-
dium and how in its food vacuole it directly metabo-
lizes its host cell's glucose and protein, plus 
methionine and perhaps other amino acids from 
blood serum, for its own support and rapid growth . 
The available protein is hemoglobin; the parasite uses 
only the globin fraction of the hemoglobin molecule 
and discards the heme fraction as pigment which 
helps to produce the signet-ring appearance of in-
fected red cells. In extreme parasitism, the pigment 
colors the urine of people with blackwater fever. 
Russell31 emphasizes that while P vivax and P 
malariae respectively attack very young and very old 
red cells, P falciparum can enter all ages of red cells at 
once and complete its asexual reproductive cycle 
(schizogony) in 36 to 48 hours. Thus the lymphocytes 
and other white cells cannot easily make contact with 
this plasmodium in order to produce adaptive anti-
bodies: P falciparum is much more infective and pro-
duces more anemia than the others. In this situation 
logical body defences would interfere with metabo-
lism of glucose, enzymatic splitting of the hemoglo-
bin molecule, or use of globin for protein by the 
trophozoite stage of the otherwise helpless plasmo-
dium . Moulder42 points out that in people with hemo-
globin S (sicklemia) the genetically determined sub-
stitution of valine for glutamic acid in the 
hemoglobin molecule enormously lessens its solubil-
ity. This makes the red cell cytoplasm too viscous to 
be engulfed by the ameboid process, creating a me-
chanical trap for the plasmodium by exposing it to 
white cells and their formation of antibodies . Allison9 
has shown experimentally that sicklemia does protect 
its carriers against falciparum malaria, and Leh-
mann, Allison, Neel, Cepellini, and others have dem-
onstrated a direct correlation between sicklemia fre-
quencies of 5% to 30% and the occurrence of 
falciparum malaria. As sicklemia's beneficial effects 
in the heterozygote are partly counteracted by severe 
anemia in most homozygotes, this defect is a bal-
anced polymorphism which cannot protect every in-
dividual in a population. Other hemoglobin defects 
and the thal assemias apparently protect in the same 
way. Glucose-6-phosphate dehydrogenase (G6PD) 
deficiency (favism) must owe its frequency in ma-
larious populations to a metabolically different but 
parallel mechanism. 
The evolutionary origin of these hemoglobin 
mutations is uncertain . G6PD polymorphism, and 
possibly thalassemia, do occur in primates; they may 
be old mutations originally selected by other malarias 
in our dryopithecine ancestors and later in the 
Pleistocene period. 
The malarias, therefore, cause some anemia and 
extra response of blood-producing bone marrow, as 
well as enlargement of the spleen, according to the 
severity of infection. These are most marked in fal-
ciparum malaria , but sicklemia, and thalassemia es-
pecially, demand hypertrophy of bone marrow. In 
homozygotes this demand is extreme, causing death 
in adolescence or in early childhood (thalassemia) 
under prehistoric living conditions . 
Can porotic hyperostosis pinpoint the time of 
occurrence of the mutation which produced the de-
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structive P falciparum? The earliest skull I know of 
with grossly hypertrophied diploe by x-ray is the 
middle Pleistocene skull from Petralona cave in 
Chalcidice, Macedonia, with an inferior parietal 
thickness of about 7 mm and a mid line sagittal thick-
ness of 11 mm . K. P. Oakely (oral communication, 
July, 1954) found slight diploic thickening in individ-
ual Neanderthals (cf. the Gibraltar skull) though it is 
not noticeable in Skhul V or IX from Israel, or Shani-
dar43 from Iraq. If the Petralona skull's thickening is 
from thalassemia, the falciparum mutation goes back 
before 100,000 BC; but this may be an iron-deficiency 
type of anemia. It would take about a millennium, 
over 40 generations, to select a protective frequency 
of any one of the abnormal hemoglobins in a stable 
population44 ; a very rapid development in terms of 
human evolution. If the three currently adapted 
malarias in Australopithecine times produced the 
same stresses which the falciparum mutant now 
causes, they might have selected for abnormal hemo-
globins again, and these could have persisted at de-
creasing frequencies through the Pleistocene period 
until the new mutant appeared. 
Real endemicity probably developed in Meso-
lithic populations which settled near water in the 
Eastern Mediterranean to fish ; it prevailed in the 
Neolithic period when increased populations settled 
near marshes produced by rising sea levels and in-
habited by A sacharovi were attracted north by post-
glacial warmth. 
Can we tell how much of the prehistoric porotic 
hyperostosis was from abnormal hemoglobins? In 
Early Neolithic Greece there a re 31 useable children 
and infants at Nea Nikomedeia (23), Franchthi (6), 
and Lerna (2). Thirteen percent (4) of these have 
marked porotic hyperostosis ;:rnd could be thalas-
semia homozygotes. Using the Hardy-Weinberg 
equilbrium ( q2 = . 129), this indicates a recessive gene 
frequency of .359 and a heterozygote frequency of 
.460. Of 116 Middle Bronze Age children a nd infants 
from Lerna (84), Asine (5), and Hagios Stephanos 
(27), 8% (9) show severe porotic hyperostosis. The 
possible thalassemia gene frequency is .278 a nd the 
heterozygotes .402. In both time periods we might 
expect not more than half of the heterozygotes, or 
about 20% of the population , to be anemic,45 and 
porotic hyperostosis should be 20% or less in adults . 
But porotic hyperostosis in slight and + degrees af-
fects 16 of 24 Early Neolithic Greek adults, or 67%, 
but only 12% (20) of 169 Middle Bronze Age adults; 
hence, more than half of the Early N eolithic adult 
porotic hyperostosis must come from anemia of other 
causes. This must be even more true of<;:atal Hilyilk, 
which was omitted above because of the uncertain 
representativeness of its infant sample. I suggest 
hookworm and dysentery as the most likely causes of 
other anemias there, noting the ritual beds with au-
rochs-horns in the shrines.25 
In the New World, porotic hyperostosis occurs 
with notable frequency in ancient Peruvians,46 
Mayan,1 and Native North Americans, particularly 
in the Southwest. The original migrants who came 
across the Bering platform about 20,000 BC could not 
possibly have traveled fast enough to bring any type 
of malaria with them. Dunn16 shows that the in-
troduction of falciparum and other malarias by slaves 
from Africa accounts for its destructive New World 
history, and Arends,47 N eel,48 and others have failed 
to find thalassemia or sicklemia in any modern New 
World population lacking contact with slaves. How-
ever, Bruce-Ch watt, 15 de Zulueta,33 and others feel 
that pre-Columbian sea voyages such as those de-
scribed by Meggers and Evans49 from Japan to Ecua-
dor in the third millennium BC may well have brought 
men carrying P malariae. While this might explain 
some of the N ew World hyperostosis, it is more likely 
that severe a nemias from hookworm and other iron 
deficiencies were the cause.50 
This discussion on the possible relation between 
anemia-produced hyperostosis in ancient skeletons 
and falciparum malaria typifies the importance of 
investigating man-disease-environment-culture inter-
. action during the course of human evolution. 
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The major focus of paleopathology has been the 
delimiting of disease in time and space. Information 
about the history of specific diseases is the objective 
of many of these studies. While the chronological and 
geographical dimensions of paleopathology contrib-
ute significantly to our knowledge of disease, there 
are limits to this approach, which often fails to con-
sider the interaction of biology and culture in the 
diseases of prehistoric populations. 
The biocultural approach in paleopathology at-
tempts to define ecological factors in the adaptation 
of prehistoric populations to their environment 
which inhibit or promote the disease process. This 
ecological analysis has been aided by a paleoepide-
miological perspective on the interaction of three 
variables-host, insult, and the environment. The re-
construction of ecological variables in paleoepide-
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miological studies has provided paleopathology with 
one of its most important tools . 
Roney,1 in a short but important article that 
discusses the paleoepidemiological approach to the 
study of disease, suggests three phases in this type of 
study: 
I) archaeological investigation, 
2) study of the skeletal remains, and 
3) statistical analysis: relationships between 
host factors, the disease (insult), and the envi-
ronment. 
It is often difficult to describe the host factors in 
prehistoric populations, although features such as 
morphology, age, and sex can be determined . Simi-
larly, the factors which cause disease can be inferred 
in many instances . Finally, the paleoepidemiologist 
should delineate the environmental variables so im-
portant in the disease process as well as focus on 
cultural and biological elements which are likely to 
increase or reduce the potential for disease. 
The Dickson Mounds Population offers a 
unique opportunity to study the adaptation of a pre-
historic population by applying the paleoepidemio-
logical approach. The skeletal material represents 
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three cultural traditions, that is, the Late Woodland, 
the Mississippian Acculturated Late Woodland, and 
the Middle Mississippian, which reflect significant 
temporal changes in the nature of the cultural-ecolog-
ical relationships of the population. As a result, these 
archaeological samples provide adequate skeletal ma-
terial and cultural-ecological data to apply to our 
model. 
Based upon some of these temporal changes, we 
have hypothesized that alterations in the cultural-
ecological adaptations of a population in the form of: 
a) a change in subsistence patterns with greater re-
liance on agriculture; b) an increase in population 
density and settlement; and c) an extension of trade 
networks will be reflected in the biological character-
istics of that population in the form of increased 
frequency in infectious lesions and in the rate of 
mortality. 
Archaeology at Dickson Mounds 
The skeletal samples used in this analysis are 
from the Dickson Mounds. The site, which consists 
of both burial and habitation areas, is located near 
the confluence of the Illinois and Spoon Rivers, 4.8 
km southeast of Lewistown, Illinois. The environ-
ment is composed of four zones: a wet flood plain, 
talus slope forest, highland forest, and a plains-
prairie area. The fauna! and floral assemblages and 
their potential for aboriginal exploitation have been 
described by Harn .2 
While we can distinguish three cultural tradi-
tions associated with the Dickson Mounds, we will 
combine skeletal samples of the Late Woodland and 
the Mississippian Acculturated Late Woodland for 
the purpose of this study. During the time period 
between AD 950 to AD 1050, the Dickson site was 
occupied by an indigenous Late Woodland popu-
lation. The Late Woodland population is defined as a 
relatively small group (75-125) of people who con-
structed temporary seasonal campsites near the con-
fluence of the Illinois and Spoon Rivers. Their sub-
sistence economy was directed toward the intensive 
utilization of a broad range of flora and fauna. Dur-
ing this same time period, the Middle Mississippian 
culture was developing at Cahokia in the American 
Bottoms, 180 km to the south near what is now East 
St. Louis, Illinois. 
The Late Woodland culture at Dickson Mounds 
represents a population which was to come under the 
influence of the Middle Mississippian culture. The 
cultural manifestation of this influence is termed the 
Mississippian Acculturated Late Woodland (dated 
about AD 1050-AD 1200).2 A representative of this 
adaptation is the Eveland site which is located 230 m 
to the southwest of the Dickson Mounds burial com-
plex. 
The Eveland site, which covers about 2 hectares, 
was occupied by a permanently settled population 
estimated to average about 400-500 individuals. Dur-
ing this period of occupation, a gradual alteration in 
subsistence techniques occurred; hunting-and-gather-
ing was supplemented by some maize cultivation. 
Toward the end of this period (AD 1200), items begin 
to appear in village refuse and as grave offerings 
which suggest the beginnings of long distance trade.3 
The Middle Mississippian at Dickson Mounds 
represents the culmination of trends toward increased 
maize cultivation, increased population density and 
settlement, and participation in Mississippian trade 
networks. The Myer/ Dickson site (AD 1200-AD 1300) 
is an agricultural hamlet of 3-4 hectares in extent. The 
houses are arranged in rows about an open plaza. 
Harn 2 estimates the population to range between 150 
and 250 individuals. The Myer / Dickson site along 
with six other hamlets and 31 camps are associated 
with the Larson ceremonial center, 11 km to the 
southeast. 
Larson consists of 8 hectares of concentrated, 
and 40 hectares of dispersed, occupation debris scat-
tered around a mound-plaza complex. A palisade 
encloses the mound, plaza, and 6 hectares of settle-
ment. Harn4 estim ates a maximum of 234 contempo-
raneous structures in the primary habitation area, 
which suggests a population of between 900 and 1400 
individuals. The Larson community is typical of the 
complex Mississippian socio-political organization. 
Quantities of foreign-made items in village debris and 
cemeteries indicate participation in extensive trade 
networks. The palisade reflects warfare and the exten-
sion of competition for agricultural land outside the 
American Bottoms. 
The subsistence pattern of the Middle Mississip-
pian is different from the preceding Mississippian 
Acculturated Late Woodland. Because quantitative 
archaeological data are not yet available, the quality 
of the Mississippian diet at Dickson Mounds must be 
reconstructed by inference. The larger population 
size would increase the effort required to maintain the 
previous per capita consumption of wild flora and 
fauna. This dietary deficit is compensated for by in-
creasing the utilization of maize. Although this in-
crease in maize and decrease in animal protein con-
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sumption may not appear to be quantitatively 
significant in the archaeological data, there are miti-
gat ing cultural factors. Larson5 suggests that Missis-
sippian sites (such as the Larson site) were fortified to 
protect limited agricultural land. Any agricultural 
crop achieving this importance assumes a certain cul-
tural value which requires its consumption by the 
infirm and the young.6 Cook7 substantiates this prem-
ise by reporting that 95% of historic American Indian 
societies practicing maize agriculture used maize as 
the exclusive weanling diet. Thus, despite low per 
capita consumption of maize, its importance in the 
weaning and convalescent diet could have made pro-
tein malnutrition (generated by a decrease in the con-
sumption of animal products and an increase in the 
use of high carbohydrate/low protein maize) a seri-
ous health problem. 
Such a subsistence base is an important variable 
in the evaluation of the general level of health of the 
population; the large population increase (ten times 
that of the Late Woodland and twice that of the 
Mississippian Acculturated Late Woodland) is also 
an additional consideration in an assessment of the 
cultural-ecological context of the two Dickson 
Mounds subpopulations. 
Materials and Methods 
Of the 595 burials which have been excavated 
from the Dickson Mounds site during the 1966 and 
1967 field seasons, 96% (572) have been examined in 
our analysis. Because of their fragmentary condition, 
lack of cultural and/or burial mound affiliation, or 
because of a lack of age and/ or sex data, 4% (23) of 
the burials have been omitted. 
The skeletal materials which we have included 
consist of those burials which could be categorized by 
age and sex, assigned to a cultural group, and for 
which observations on skeletal and dental pathology 
could be made.8 The final study samples are described 
in Table I. 
The diagnosis of skeletal pathology has been 
made on the basis of gross macroscopic examination 
of each burial. The paleoepidemiological analysis will 
focus upon the frequency of occurrence of infectious 
disease. The infectious diseases which have been diag-
nosed on the skeletal material from Dickson Mounds 
include periostitis and osteomyelitis (both suppura-
tive and nonsuppurative). Although separate obser-
vations have been made on both the periostitis and 
on the osteomyelitis, frequencies for the two diseases 
have been combined. 
Results 
There are several factors favoring the analysis of 
infectious disease, the first being that it should reflect 
variations in the cultural-ecological context of the 
host population . Second, both periostitis and osteo-
myelitis leave their imprint on bones and can there-
fore be readily observed and recorded in a skeletal 
population. Third, the serious nature of these infec-
tious diseases can easily influence variables such as 
the rate of mortality and life expectancy. 
The frequency of infectious lesions of bone dou-
bles from the combined Late Woodland and Missis-
sippian Acculturated Late Woodland period to the 
Middle Mississippian period. Based on the entire 
population (ages 0 to 59.9 inclusive), the Middle Mis-
sissippians have a frequency of infectious disease of 
67% (149), while the Mississippian Acculturated Late 
Woodland combined has a frequency of 31% (108). 
This pattern (summarized in Table 2) is also charac-
teristic of both the subadult (those individuals deter-
TABLE I 
The Distribution of Burials by Age, Sex, and Culture 
SUBADULTS ADULTS 
CULTURE N N % N % 
*LW-/ MALW 351 125 36 226 64 
**MM 221 110 50 Ill 50 
TOTAL 572 235 41 337 59 
N =Number 
* L W + MAL W = Late Woodland and Mississippian Aculturated Late Woodland 
**MM = Middle Mississippian 
ADULT MALES 
N % 
116 51 
50 45 
166 49 
ADULT FEMALES 
N % 
110 49 
61 55 
171 51 
Note: The category subadult includes all those individuals who have been determined to be under the age of 15 years . The category 
of adult includes all of those individuals who have been determined to be over the age of 15 years. All percentages have been 
rounded off to the nearest whole number. 
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TABLE 2 
Summary Figures for the Frequency of Occurrence of 
Infectious Disease 
AGE 
0-59.9 Years* 
LW + MALW 
MM 
0-14.9 Years* 
LW + MALW 
MM 
15-59.9 Years* 
LW + MALW 
MM 
15-59.9 Years 
Females 
LW + MALW 
MM 
15-59.9 Years 
Males 
LW + MALW 
MM 
NUMBER 
351 
221 
125 
110 
226 
Ill 
110 
61 
116 
50 
NUMBER 
WITH 
INFECTION 
108 
149 
34 
74 
74 
75 
35 
43 
39 
32 
% 
31 
67% 
27 
67 
33 
68 
32 
71 
34 
64 
*These frequencies include the combined Male and Fe-
male totals 
LW + MALW = Late Woodland and Mississippian 
Acculturated Late Woodland Combined. 
MM = Middle Mississippian 
Note: All percentages have been rounded off to the nearest 
whole number. 
mined to have been under 15 years of age) and the 
adult segments of the population. The difference in 
infectious pathology between Middle Mississippian 
and Mississippian Acculturated Late Woodland 
combined is significant (p < .05) as are the differ-
ences in the frequencies between cultures in the sub-
adults, adult males, and adult females. In summary, 
the Mississippians have higher frequencies of infec-
tious disease for both age segments and both sexes. 
The differences between subadults and adults, or be-
tween males and females within samples were not 
significant in either the Mississippian Acculturated 
Late Woodland combined or the Middle Mississip-
pian subpopulations. 
The higher frequency of infection in the Middle 
Mississippian sample suggests a difference in these-
verity and age of onset of infectious lesions. Severity 
can be determined by comparing the extent of in-
volvement of the various bones of the skeleton or by 
selecting one bone for intensive analysis. We chose 
the latter approach with an analysis of infectious 
involvement of the tibia. The tibia was selected for 
several reasons: a) it is usually the best preserved of 
all the long bones; b) it has a broad periosteal surface 
which facilitates observation; and c) it has the highest 
prevalence of infectious disease for the study popu-
lations from the Dickson Mounds. 
The stages of severity of the tibial infection are 
determined on the basis of a) the extent of in-
volvement of the periosteal surface; b) the nature of 
tissue destruction (whether pitted, ridged, scarred, or 
showing sinus tracks); and c) the amount of destruc-
tion of bony tissue . Using these criteria of severity, 
we have identified three stages of the tibial infection: 
a) slight, b) moderate, and c) severe. 
Analysis of infectious lesions of the tibia in-
dicates more frequent and more severe infections in 
the Middle Mississippian sample (Table 3). Of the 
353 tibiae from the Mississippian Acculturated Late 
Woodland combined, 26% (90) are found with some 
form of infectious lesion, of which 62% (56) were 
classified as slight, 30% (27) as moderate, and 8% (7) 
as severe. Of the 194 tibiae from the Middle Missis-
sippian, 84% (163) show signs of infection; 28% (45) 
being classified as slight, 49% (80) as moderate, and 
23% (38) as severe. The differences between these two 
populations are significant (p < .05) . The Middle 
Mississippians have a higher frequency of tibial infec-
tion and a higher frequency of moderate and severe 
cases. 
The age of onset of tibial infection also reflects 
TABLE 3 
Frequency of Infectious Lesions of the Tibia 
LW + MALW 
MM 
N 
353 
194 
INFECTED 
90 
163 
Severity of Tibial Involvement 
LW+MALW 
MM 
N = Number 
N 
90 
163 
SLIGHT 
56 (62%) 
45 (28%) 
MODERATE 
27 (30%) 
80 (49%) 
% 
26 
84 
SEVERE 
7 ( 8%) 
38 (23%) 
LW + MALW = Late Woodland and Mississippian 
Acculturated Late Woodland combined . 
MM = Middle Mississippian 
Note: All percentages have been rounded off to the nearest 
whole number. 
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the pattern of involvement discussed in the preceding 
paragraph. The Middle Mississippians show an ear-
lier and more severe onset in young adults when 
compared to the Mississippian Acculturated Late 
Woodland combined group. In the combined Late 
Woodland and Mississippian Acculturated Late 
Woodland sample of young adults between 15 and 25 
years of age, 75% (21) show slight involvement; 18% 
(5) have moderate infection; and 7% (2) have severe 
lesions (Table 4 ). In the Middle Mississippian 
sample, 30% (I 0) were classified as slight, 49% (16) as 
moderate, and 2 I% (7) as severe. In summary, our 
analysis indicates that the people of the Middle Mis-
sissippian culture had a higher frequency of infec-
tious diseases, contracted the infection at a younger 
age, and were more severely infected than the people 
of the combined Mississippian Acculturated Late 
Woodland. 
The various stages of severity of tibial infection 
and the overall health of an individual cannot be 
exactly equated; however, infectious lesions which 
produce the extensive osteological damage noted in 
the severe stages of involvement in this study must 
certainly have taxed the body's defensive system and 
lowered the individual's chances of survival. Al-
though not clearly understood at this point, the rela-
tionship between survival probability and the stages 
of severity of the tibial infection can be inferred . For 
example, the mean age* at death for the adults (aged 
over 20 years) of the Mississippian Acculturated Late 
Woodland is 39.5 years; however, the mean age at 
death for the adults who had a slight tibial infection is 
37 years and for those with a severe infection is 35. I 
years. A similar trend is also noted among the adults 
of the Middle Mississippian : the mean age at death is 
33.5 years for all adults, and 29.3 for adults with a 
severe tibial infection. 
These findings suggest that tibial infections may 
have affected the survival chances of those individ-
uals with these lesions. In general, the mean age at 
• The mean age is arrived at through the following process: 
Using skeletal agi ng techniques, we assigned each skeleton a bio-
logical age. Using these biologica l ages, we established age classes. 
By summing the total of biological ages in each age class and 
dividing that total by the number of individuals in that age class, 
we obtained the mean number of years lived by individuals in that 
age class. By following the same procedure for each adult age class 
and summing the totals and dividing by the number of adults , we 
obtained the m~an number of years lived by adults. This procedure 
was carried out for the entire population, then the individuals with 
infectious lesions were separated out, and the process was re-
peateq. 
TABLE 4 
Frequency of Infectious Lesions of the Tibia, Young Adults 
( 15-25 Years) 
LW + MALW 
MM 
N 
114 
43 
INFECTED 
28 
33 
Severity of Tibial Involvement 
LW + MALW 
MM 
N = Number 
N 
28 
33 
SLIGHT 
21 (75%) 
IO (30%) 
MODERATE 
5 (18%) 
16(49%) 
% 
25 
77 
SEVERE 
2 ( 7%) 
7 (21%) 
LW + MALW = Late Woodland and Mississippian 
Acculturated Late Woodland combined. 
MM = Middle Mississippian 
Note: All percentages have been rounded off to the 
nearest whole number. 
death for those infected is lower than the mean age at 
death for the rest of the population. Those with se-
vere disease also appear to have died at a younger age 
than those with slight infections. 
These relationships of infection to mortality sug-
gest that the increase in infection could have been one 
factor affecting the population's mortality profile. 
Composite life tables were constructed to aid in the 
analysis of differences in mortality (Tables 5 and 6). 
The dx column of the life tables represents the age-
specific rate of mortality. If the dx columns of the two 
life tables are compared, it is apparent that the 
TABLE 5 
Life Table For the Late Woodland and the Mississippian 
Acculturated Late Woodland for the Ages 0-60 Years 
x d'x dx Ix qx Lx Ex 
0 45 128 1000 128 936 26 
I 28 80(21) 872 92 832 29 
2 18 51(26) 792 64 2299.5 30 
5 21 60(32) 741 81 3555.0 29 
10 -13 37(36) 681 54 3312 .5 27 
15 26 74(43) 644 115 3035.0 23 
20 49 140(57) 570 246 5000 21 
30 33 94(66) 430 219 3830 16 
40 70 199(86) 336 592 2365 IO 
50 48 137(100) 137 1000 685 5 
TOTAL 351 1000 0 
Note: The dx values appear in parentheses represent the 
cumulative frequency of mortality. All percen tages 
have been rounded off to the nearest whole number. 
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TABLE 6 
Life Table for the Middle Mississippian for the Ages 
0-60 Years 
x d'x dx Ix qx Lx Ex 
0 48 217 1000 217 891.5 19 
19 86(30) 783 110 740 23 
2 16 72(38) 697 103 1983 24 
5 17 77(45) 625 123 2932.5 24 
IO IO 45(50) 548 82 2627.5 22 
15 23 104(60) 503 207 2255 18 
20 24 109(71) 399 273 3445 18 
30 27 122(83) 290 421 2290 13 
40 25 114(9(\) 168 678 1110 8 
50 12 54(100) 54 1000 270 5 
TOTAL 221 1000 0 
Nole: The dx values which appear in parentheses represent 
the cumul;itive frequency of mortality. All percent-
ages have been rounded off to the nearest whole 
number. 
Middle Mississippians experienced higher mortality 
rates in the age classes between 0 and 20 years, espe-
cially in infant mortality in the Middle Mississippian 
sample. In the age class 0 to 0.9 years, 22% ( 48) of the 
Middle Mississippian newborns died, while only 13% 
(45) of the Mississippian Acculturated Late Wood-
land combined newborns died. The results of Kolmo-
grov-Smirnov tests demonstrate that for the three 
comparisons which have been noted, the Middle Mis-
sissippians had significantly higher mortality frequen-
cies than the Mississippian Acculturated Late Wood-
land combined (p < .05). 
Between the ages of 20 and 60 years, the age-
specific frequencies of mortality are lower for the 
Mississippian Acculturated Late Woodland com-
bined group than they are for the Middle Mississippi-
ans. These findings suggest that people of the Middle 
Mississippian culture were dying at younger ages and 
at higher frequencies than the people of the Mississip-
pian Acculturated Late Woodland combined. For 
example, by the age of 19.9 years, 60% (133) of the 
Middle Mississippians have died, while only 43% 
(151) of the other group have died. Similarly, by the 
age of 49.9, 95% (209) of the Middle Mississippians 
have died, but only 86% (303) of the Mississippian 
Acculturated Late Woodland combined group have 
died. 
Since life expectancy is a result of the mortality 
experience, the mortality differences noted should be 
reflected in life expectancy. The Middle Mississippian 
subpopulation has a lower life expectancy for every 
age class. For example, life expectancy at birth is 26 
years for those in the Mississippian Acculturated 
Late Woodland combined group and 18 years for 
those in the Middle Mississippian sample. The differ-
ences are greater during the childhood years but nar-
row in the subadult and adult phases of development. 
Conclusions 
In this paper we have attempted to demonstrate 
how a hypothesis derived from archaeological data 
can be independently tested using skeletal materials. 
We have proposed a hypothesis which suggests that 
the transition from the Late Woodland-Mississippian 
Acculturated Late Woodland to the Middle Missis-
sippian resulted in an alteration in the adaptive sys-
tems Of the two groups in the form of: a) an increased 
reli ance upon maize agriculture; b) an increase in 
population density and settlement; and c) an exten-
sion of trade networks and social contacts. We have 
also suggested that the alterations which occurred in 
the adaptive systems of the two study samples may 
have influenced some of the biological characteristics 
of the population. 
An alteration in the subsistence base may pro-
duce periods of nutritional inadequacy which, in 
turn, can influence the general level of health of a 
population by decreasing its resistance to disease. An 
extension of trade networks and social contacts can 
be the means of introducing new pathogens and/or 
vectors into a population thereby increasing the fre-
quency of diseases (especially infectious disease). An 
increase in settlement of a population would put the 
host and pathogen into a permanent relationship 
which might result in the generation of chronic types 
of conditions. The increase in population density can 
serve two functions. First, it increases the number of 
potential hosts and the population can become a 
reservoir for infectious pathogens. Second, the in-
crease in population density results in the quick and 
efficient transmission of disease within a population. 
Armelagos and Dewey9 have discussed how changes 
in the cultural adaptive systems of human popu-
lations have influenced the patterning and frequency 
of disease. In general, the results of their study illus-
trate that an extension of trade networks and an 
increase in population density and settlement will 
increase the frequency of infectious disease within a 
population. In addition, Scrimshaw10 has outlined the 
nature of the "synergistic" interaction of nutrition 
and infectious disease and has demonstrated how this 
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interaction can increase the frequency of both disease 
and mortality. 
The Middle Mississippians from the Dickson 
Mounds experienced alterations in the nature of their 
cultural adaptive system. The characteristics of the 
nutritional resources of the Middle Mississippians 
and the frequency of infectious disease conform to 
the pattern suggested by Scrimshaw. 
The difference in the frequency of infectious pa-
thology between the Mississippian Acculturated Late 
Woodland and the Middle Mississippians is similar 
to the pattern observed in other pathologica l condi-
tions. Lallo and co-workers11 in an analysis of porotic 
hyperostosis, a condition related to nutritional stress, 
demonstrate its increase in the Middle Mississippian 
sample. Working with a subadult segment of the 
sample (age 0-15 years), we noted that the rate of 
pathology increases from 26% (137) in the Miss-
issippian Acculturated Late Woodland combined to 
52% (IOI) in the Middle Mississippian . The porotic 
hyperostosis was more severe in the later Middle 
Mississippian groups. 
In summary, we have demonstrated that in all 
age and sex classes, the Middle Mississippian sample 
of the Dickson Mounds population has a signifi-
cantly higher rate of mortality, a higher probability 
of dying, and a lower life expectancy than the people 
from the Mississippian Acculturated Late Woodland 
combined. We have indicated that the Middle Missis-
sippians have a significantly higher frequency of in-
fectious lesions than the Mississippian Acculturated 
Late Woodland combined sample of the population 
a11d that these infections are more serious and have 
an earlier age of onset. 
The study demonstrates the usefulness of em-
ploying both skeletal and cultural-archaeological 
data in an attempt to understand the evolutionary 
implications of biocultural interaction. 
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Y awslike Disease Processes in a Louisiana 
Shell Mound Population 
LOUISE M. ROBBINS, PH.D. 
Associate Professor of Anthropology, University of North Carolina at Greensboro, Greensboro, North Carolina 
Introduction 
Human skeletal remains have been recovered 
from prehistoric and early historic sites in Louisiana 
with some degree of regularity for the past 75 years 
and on an irregular basis for the last 300 years. Dur-
ing his explorations of aboriginal sites throughout the 
Lower Mississippi River Valley, Moore1•2•3 made a 
special effort to collect skeletal specimens for ship-
ment to the US National Museum at the Smithsonian 
Institution. A less well-known fact is that he also 
collected pathological specimens for shipment to the 
Army Medical Museum at Walter Reed Hospital in 
Washington, DC. An unfortunate aspect of the 
Moore recovery technique, however, was the practice 
of discarding unwanted bones, which introduced an 
implicit selection bias in the National Museum cra-
nial series from Louisiana that Hrdlicka4 •5•6 sub-
sequently studied. Whether or not Moore selected 
specific samples of pathological bone for the Medical 
Museum is not known. 
We have little definitive data on the prehistoric 
inhabitants in many areas of Louisiana. The combi-
nation of climate and soil factors, that is, rain, heat, 
and poor drainage of clayey silted soils, is not con-
ducive to skeletal preservation. For example, a total 
of 1,175 human burials were exposed during the exca-
vation of the Crooks Site, of the Marksville (Middle 
Woodland) cultural period, but few burials were pre-
Presented at the symposium on Paleoepidemiology, 46th 
Annual Meeting of the American Association of Physical An-
thropologists, 14 April, 1977, Seattle, Washington . 
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served sufficiently for further study of them. 7 In the 
past, much of Louisiana was a level flood plain with 
active and abandoned river courses, bayoux, and 
swamps as dominant topographic features. Slight ele-
vations of land which formed as natural levees along 
streams were used as habitation sites (usually a 
"mound" construction) by the prehistoric peoples. 
Skeletal preservation in the Gulf coastal shell 
mounds is better than at other kinds of sites because 
water percolates through the strata of the mound 
rapidly, at least to the level of the water table which 
in low-lying areas is rather high. 
In addition to preservation problems, the recov-
ery of human burials from archaeological sites in 
Louisiana, and the mid-South region in general, is an 
onerous task for the field worker. He or she is fre-
quently confronted with burials that intrude through 
burials of previous inhabitants at the site. Bones of 
different individuals are commingled, fragmented, or 
lost. Apparently many prehistoric groups in the 
Louisiana area had a ritual surrounding death and 
burial which often included defleshing the skeleton 
(using natural means or particular cultural tech-
niques), letting the bones dry, breaking the bones, 
and interring the bone "bundle." Subsequent activi-
ties at the site, from prehistoric through contempo-
rary times, scattered many bones from their original 
placement. It is from this scrambled bony matrix that 
the field-worker attempts to sort out individual bur-
ials, all too frequently an impossible task. Com-
parable problems are encountered by the physical 
anthropologist who attempts to analyze the frag-
mentary human bones for information on the num-
ber, sex and ages of individuals recovered from the 
MCY QUARTERLY 14(1): 24-31, 1978 
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site, their state of health, and any factors that permit 
inferences to be drawn of their cultural activities. 
Materials and Methods 
This report focuses on the human skeletal mate-
rial that was recovered from the Morton Shell 
Mound (161B3) on Weeks Island in Iberia Parish (Fig 
I). The site was excavated by personnel from the 
Louisiana State University Museum of Anthropol-
ogy, and there seems to have been a fairly complete 
recovery of the human remains; at least there is more 
bone for analysis than from most prehistoric sites in 
the state. For the most part, the Morton Shell Mound 
bones are broken, but basic preservation of the frag-
ments is good, permitting a broad range of data to be 
collected from them. Given the field technique of 
cataloging the bones, and the fragmentary condition 
and missing sections of the bones, no reconstructions 
were attempted; however, those restrictions did not 
obviate a detailed analysis being made of them. 
According to the archaeological field notes and 
burial records from the site, partial remains of 49 
Fig I- Map of location of Morton Shell Mound, Weeks Island, Iberia Parish, Louisiana. 
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Fig 2-Bone fragmentation, catalog no. 2379, containing 906 
fragments. Typical assemblage of human bone fragments from 
Morton Shell Mound, Iberia Parish, Louisiana. 
individuals were recovered from 15 "burials." Ap-
proximately 24,900 human bone fragments, ranging 
from single, isolated, modified (incised) fragments 
to groupings of 1,000 fragments, were recovered from 
the site, cleaned in the Louisiana State University 
laboratory, placed in 51 boxes (containing a total of 
207 sacks of bones), and submitted to me for exami-
nation. At first glance, the task of extracting data on 
the physical morphology, age and sex ranges, and 
probable health conditions of the people appeared 
remote. The extensive fragmentation of the bones 
(Fig 2) precluded anthropometric studies, and the 
absence of catalog numbers on most fragments 
negated mixing fragments from different sacks in an 
attempt to match up or reconstruct various bone 
parts. 
An alternative method of examining the bone 
fragments and evaluating the number of individuals 
represented by them was used. The contents of each 
sack were sorted out and examined for information 
on the number of individuals, their age, sex, and bone 
condition, for example, the absence, presence, extent 
and kind of pathology, and break patterns and soil 
destruction of the bone. The distribution of the frag-
ments in the site (the square and stratigraphic depth) 
were carefully noted in the event that bones of partic-
ular individuals could be sorted out. 
A number of pertinent biocultural points 
emerged during the tabulation of the bone fragments , 
but only those points pertinent to the topic of this 
report will be emphasized here. First, the fragmenta-
tion of the bones was not the result of poor soil 
drainage but of intentional breakage that was a part 
of the cultural ritual surrounding the burial of the 
people who died at the site. Figure 3 illustrates the 
breakage pattern of the bones. The long bones of the 
body were broken in specific, almost ritualistic, ways; 
most fragments are less than 90 mm in length. It is 
rare for a bone not to have been broken; even small 
bones of the hands and feet, and of infants, were 
broken. Second, the intentional fragmentation of the 
bones revealed various stages of endosteal patholo-
gies that would have gone unnoticed if the bones had 
been complete because the perioste1Jm was not modi-
fied. 
The analysis of the bone fragments revealed that 
the Morton Shell Mound skeletal series consists of 
the incomplete remains of at least 275 individuals and 
possibly as many as 313 individuals. The bones are 
from fetuses, infants, children, adolescents, and 
adults of both sexes. (The Table gives the numbers in 
each age category.) Osseous pathology is found in all 
age categories except the fetuses . 
Description of Pathology 
The pathology of the Morton Shell Mound is 
particularly interesting to me because its physical 
manifestation does not resemble disease processes 
that I have encountered in other geographic areas in 
the eastern United States, or even in the Deep South, 
east of the Mississippi river. 
The bone fragments of adults exhibit the most 
deleterious structural changes, but some shaft frag-
ments of children and adolescents also show prelimi-
nary (stage A) modifications in the endosteal configu-
ration of the bones; the progressive stages of bone 
destruction are illustrated in Figures 4 and 5. The 
Fig 3- Catalog no. 1985, containing 631 fragments. When bones 
are sorted out according to their bodily location, the ma nner in 
which they were broken appears to follow a definite pattern. 
\ 
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endosteal surface of the medullary cavity, that is, the 
endosteal circumferential lamellae, is the first part of 
a bone shaft to show an alteration from the normal 
layering of reticular cells lining the wall of the bone 
marrow cavity . Initially, in stage A, an increased rate 
of endosteal cellular formation overruns the normal 
pace of cellular resorption and produces an irregu-
larly-formed secondary endosteal layer. As modifica-
tion continues in that portion of the bone, the dense 
surface layer of the periosteum is altered by a secon-
dary layer of periosteal bone which is deposited more 
rapidly than it can be removed by osteoclastic action, 
stage B; during some periods of this destructive proc-
ess, the surfaces of long bone shafts give the classic 
appearance of periostitis. Stage C represents the 
point at which secondary and tertiary sheaths of bone 
(now becoming sclerotic in appearance) are deposited 
on the periosteal and endosteal surfaces with con-
comitant circumferential enlargement (swelling) of 
the bone in the area of disturbance. It is suspected 
that during the latter part of stage B, or in the early 
part of stage C, the diploe cells of the cranial vault 
begin to proliferate. In stage D, spongy endosteal 
bone is filling the medullary cavity; the formation and 
deposition of periosteal bone is rampant; the spongy 
diploe of the vault is three or four times its normal 
thickness and has filled the frontal sinuses (in one 
fragment, the sphenoidal sinus is also filled with 
spongy bone); and some maxillary sinuses are nearly 
obliterated with the spongy bone material. Even the 
resorption process of maxillary and mandibular al-
veolar bone following tooth loss includes the erratic 
patterning of prolific deposition and incommensurate 
resorption of spongy bone. Stage E signifies advanced 
bone transfiguration and is found only in mature 
adults; it is an arbitrary marker that may crosscut 
other stages of the disease process in different regions 
of the skeleton . In this advanced stage, the pathology 
apparently has spread into many parts of the skele-
ton; the scarcity of some skeletal parts, for example, 
vertebrae, precludes the inclusion of the entire skele-
ton . Many fragments of tibia, femur, humerus, 
radius, and ulna contain fistulae from the medullary 
cavity through the periosteal surface; some of the 
larger fragments have multiple openings along the 
bone through which diseased matter passed to the 
surface of the body. Open sinus drainage lesions are 
also found on the clavicle, and on temporal, maxi-
llary, and zygomatic fragments, and small craterlike 
lesions, healed and unhealed, occur on several vault 
fragments from different individuals. It is probable, 
TABLE 
Morton Shell Mound Population 
Estimates of age, sex and incidence of pathology* 
Pathology 
Mini- Maxi- minimum 
mum** mum** N/ N 
Age and Sex Categories N N maximum 
Fetus 
(5-8 fetal months of age) 7 12 0 
Infant 
(Newborn to 2 yrs of age) 14 19 1/ 2 
Child 
(2 yrs to 11 yrs of age) 25 27 2/ 4 
Adolescent 
( 11 yrs to 17 yrs of age) 28 34 3/ 5 
Adult Female 
(18 yrs to 65 yrs of age) 83 90 17/ 26 
Adult Male 
(18 yrs to 65 yrs of age) 105 Ill 21 / 35 
Adult 
(Age and sex indeterminant) 13 20 2/ 5 
POPULATION TOTALS 275 313 46/ 77 
• Parameters for age categories are arbitrary boundaries; 
assignment of sex is based on pronounced sexual dimorphism in 
the standard traits used for sexing skeletons; figures in pathology 
category are very conservative estimates. 
•• Minimum totals are based on the medial section of mandible 
except for fetuses for whom left ilia were used. Maximum totals 
include some bone fragments from other parts of the body; see text 
for specific bones. 
although not confirmed, that the disease process ac-
celerated the periodontal and alveolar pathology of 
both the maxillae and mandibles. Such destructive 
dental pathology is rarely encountered in populations 
of comparable temporal periods, that is, AD 700 to AD 
1100, in the lower Mississippi Valley. 
Discussion 
When the pathology of the Morton Shell Mound 
people is scrutinized with regard to its overt ex-
pression, degree of severity, pattern of dispersion 
through the skeletal system, and its differential affec-
tation of children and adults, the factors seem to 
point to a particular causal agent, that is, the trepo-
nemal infection or disease called yaws. However, a 
Fig 4-Pathological manifestations in the Morton Shell Mound 
Population. Figures show increasing severity of the disease. (Top 
left) Stage A. Endosteal and metaphyseal cellular change in im-
mature individual. (Top right) Stage B. Enlargement of diaphyses, 
apposition of periosteal bone, and continuing change of endo-
steum. (Bottom left) Stage C. Formation of suppurative cloacae; 
gradual obliteration of medullary cavity; and extensive cortical 
remodeling. (Bottom right) Stage D . Numerous cloacae, sclerotic 
periosteum , and closure of medullary cavity with coarse spongiosa 
in long bones of many individuals. 
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Fig 5-Pathological manifestations in the Morton Shell Mound Population (continued). (Top left) Stage E, i. Destruction and remodelling 
of limb bones. (Top right) Stage E, ii. Obliteration of frontal sinuses; increased vascularization of inner table of vault ; enlargement of 
diploe. (Bottom left) Stage E, iii . Localized lesions of outer vault table. 
syphilitic cause is not to be discounted . I offer the 
yaws diagnosis for the disease symptoms, after exam-
ining and eliminating possible alternative diagnoses, 
even though it is thought that yaws was not present in 
North America during aboriginal times.8 •9•10 
The disease process in the Morton Shell Mound 
series exhibits more distinctive aspects of yaws than 
of other infections; a brief review of the Morton 
pathology will elucidate points of similarity. The ini-
tial symptoms of the disease seem to appear in the 
bloodstream of children, adolescents, or very young 
adults, thus affecting the hematopoietic regions of the 
skeleton. Destruction of periosteal and endosteal 
bone is more intensive and extensive than that result-
ing from periostitis or osteomyelitis. Not only are the 
shafts of long bones affected by the disease, but the 
spongy (cancellous) bone in the distal and proximal 
ends of long bones is also modified, as are the medial 
and proximal spongiosa of the clavicles . A few frag-
ments of broken and rehealed bones (femur and ribs) 
exhibit an abnormal profuseness of reparative bone. 
In contrast to periostitis, which tends to be most 
severe in the tibia and fibula, the Morton disease 
process works on the humerus, radius, and ulna to 
the same degree that it affects the bones of the legs; 
even phalanges of the hands and feet are afflicted. 
Nearly all parts of the skull exhibit some evidence 
of pathology. Lesions of the cranial vault extend 
from the outer table into the enlarged dipole; there is 
increased vascularization of the inner vault table, 
obliteration of frontal, sphenoidal, and maxillary si-
n uses, and interference with the regularity of peri-
odontal destruction. Whether or not the pathology 
contributed to the formation of the sporadically-
occurring bony nodules on various bones cannot be 
established; however, the apposition of irregularly-
shaped bony spicules along lines of tendinous and 
ligamentous attachments (such as linea aspera, del-
toid tuberosity, and nuchal lines) seems to be linked 
to the severity of the pathology, as does the lateral 
torsion of the humerus at the deltoid tuberosity and 
the anterior bowing of the tibial shaft. 
If the diseased fragments from the Morton Shell 
Mound are examined individually, some of them may 
resemble bones with syphilitic osteitis (or with os-
seous syphilitic lesions); when the fragments are ex-
amined in context, that is, coming from members of 
the Morton Shell Mound population and not as a 
single fragment divorced from a sociocultural group, 
a diagnosis of syphilis cannot be substantiated. En-
demic syphilis (nonvenereal), however, more closely 
resembles the Morton disease than the venereal 
forms. For example, the saber-shin tibiae and the 
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diaphyseal osteomyelitis could indicate a diagnosis 
of congenital syphilis, but the Morton people do not 
have the dental stigmata (Hutchinson teeth, mulberry 
molars), among other traits of la te congenital syphi-
lis. The Morton people's disease persists in an 
individual beyond the usual time period (around 
15 years) of early congenital syphilis. The low 
frequency of the disease in children and adolescents 
and the absence of cranial vault sequestra make it 
unlikely that venereal syphilis is the causal agent. 10•11 
The manner in which endemic syphilis and yaws 
affect bone is so similar that the two are often distin-
guished by their geographical distribution, that is, 
yaws is found in hot; humid areas of the world, and 
endemic syphilis is found in warm, arid ones. Both 
treponemal infections are acquired during childhood 
but can persist into adulthood. Neither of the infec-
tions tends to affect the cranial vault except for local-
ized lesions which in yaws do not extend into the 
inner table. Yaws and endemic syphilis both affect 
the tibia (producing a saber-shin form), fibula, 
radius, ulna, phalanges, and clavicle. Some differ-
ences between the infections do occur in bone modifi-
cation of phalanges and in the involvement of the 
metacarpals in yaws.10 
Although there are many similarities in the ma n-
ifestation of yaws and endemic syphilis, I believe that 
the disease processes in the Morton Shell Mound 
skeletons more closely resemble yaws than endemic 
syphilis . Lesions on the frontal and parietal bones of 
the Morton people a re small, shallow, craterlike le-
sions that involve only the outer table with small 
intrusions into the diploe. Whether or not there is 
destruction of the nasal and palatal areas of the Mor-
ton people's crania is unknown because those frag-
ments were not present (or were not recovered) in the 
site; however, some maxilia a nd zygoma fragments 
show bone remodeling with suppurative cloacae from 
the maxillary sinuses anteriorly to the face; temporal 
fragments from some adults show a destructive 
change of the auditory meatus a nd the surrounding 
bo ne. Gummatous osteomyelitis is evident in frag-
ments of the clavicle, ribs, and the long bones, espe-
cially the humerus, femur, and tibia. In the adult 
bones of the hands and feet, the phalanges are af-
fected more severely than other bones; some pha-
langes are enla rged considerably, especially in the 
shaft area, and occasionally there are necrotic per-
forations through the cortical bone. Some of the car-
pal bones are misshapen from subperiosteal deposi-
tion of bone to the point that precise bone 
identification is uncertain. 
The teeth of the Morton Shell Mound people do 
not contain the abnormalities that are characteristic 
of syphilis, that is, fissures in incisor enamel, mul-
berry molars, and so forth. T aurodontism is preva-
lent among some adolescents and many adults, espe-
cially among older adults; all teeth, incisors through 
molars, exhibit the condition. It is possible that the 
trait is an example of pseudota urodontism beca use 
there seems to be an unusually high positive correla-
tion between the taurodont condition and alveolar 
pathology. 
Conclusions 
The disease that afflicted the Morton Shell 
Mound people does not seem to be widespread 
a mong the prehistoric peoples of Louisiana accord-
ing to many archaeological reports.7•12 - 16 However, in 
his report on the Peca n Island sites, Collins16 noted 
that at the Veasey site some long bones showed " le-
sions apparently produced by syphilis," and at the 
Morgan site there were "long bones showing evi-
dence of syphilis." Skeletons at the Co pell Site (Tche-
functe culture) showed no pathology. The Veasey 
and M organ sites are also shell mounds, located on 
the Gulf Coast slightly southwest of the Morton site, 
and are of the same cultural manifestation as the 
Morton site, that is, the Troyville-Coles Creek cul-
ture. Ford 17 reported on a site containing the Troy-
ville-Coles Creek culture some distance northeast of 
the Morton Shell Mound and, although " a number 
of bones were scattered in no apparent order," no 
statements were made about skeletal pathology; it is 
recorded, however, that the skeletal material was 
rather poorly preserved. Thus, it appears that the 
treponemal infection was not characteristic of all 
people who had the Troyville-Coles Creek culture but 
only those groups who inhabited the low-lying 
mounds of the G ulf Coast. T his combination of fac-
tors suggests that the physical environment played a 
role in sustaining the infection a mong the people. 
The presence of a treponemal infection in the 
Morton population undoubtedly would undermine 
the health of the population in general and would 
have a crippling effect upon the individuals (espe-
cially adults) in whom the infection was reaching 
advanced stages (tertiary yaws). T he infect ion may 
have been a primary cause of some deaths and a 
secondary, indirect factor contributing to other unre-
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lated illnesses and deaths by weakening the immuno-
logical defenses of affected individuals. Muscular 
stress patterns on many of the bone fragments sug-
gest functional activity during periods of pathologic 
bone remodeling. A disease such as yaws not only 
attacks the skeletal structure but also produce§ open 
draining sores in the skin, a factor that predisposes 
the diseased individual to secondary infections. Thus, 
the Morton Shell Mound skeletal series, like all 
burial populations, reflects many of the biological as 
well as cultural elements that had significant meaning 
to the people during their lifetime. 
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In a previously reported study1 we developed a 
differential diagnosis for focal , resorptive skeletal pa-
thology found in twelve individuals recovered from 
the Schild Mississippian Cemetery, Greene County, 
Illinois. The pathology was characterized by verte-
bral body destruction within the lower spine, fre-
quently associated with osteoporosis and focal de-
struction of the articular surfaces of the appendicular 
skeleton. In an extreme case, a 20-21-year-old female 
(SB 201) displayed kyphosis and ankylosis involving 
fourteen vertebrae; h(')wever, the modal pattern for 
the series consisted of cystic resorption within only 
one or two vertebral bodies, with little to no prolifer-
ative response or involvement of other elements. Lo-
calization within the thoracolumbar region was typi-
cal, as was destruction of articular surfaces in cases of 
extravertebral lesions. 
A differential diagnosis was made for the pooled 
Schild adolescent/adult sample, using data for 16 
contemporary diseases. Attributes of lesion form and 
distribution, and mortality statistics, were stressed. 
Based on this differential diagnosis, it was suggested 
that the most likely association for the Schild pattern 
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was with one of two forms of modern pathology: 
tuberculosis or blastomycosis. Given a notable eleva-
tion of mortality for affected young adults and ado-
lescents, tuberculosis was considered to provide the 
preliminary model of "best fit," though this con-
clusion was necessarily tentative, pending further in-
vestigations. 
The present study was designed to test the Schild 
model on an expanded data base, using other pre-
historic series from the same geographic region. All 
relatively complete skeletons from the supplementary 
samples were examined for indications of resorptive 
disease similar to those which characterize Schild. 
Upon identification of affected populations, we then 
explored the epidemiological relationship of this pa-
thology to other biological and cultural variables, 
especially those which reflect subsistence strategy, rel-
ative population density, aggregate size, and inter-
regional interaction . Factors potentially limiting our 
interpretive power, for example, differential recovery 
rates, were a lso considered. 
Materials and Methods 
The present research represents an extension of 
the earlier Schiid study to include a ll evidence of 
grossly observable focal resorptive pathology for the 
archaeological samples listed in Table I. The initial 
series of 175 adolescent and adult Schild individuals 
(over 10 years of skeletal age) has been expanded to 
include juveniles from the Schild Mississippian 
MCV QUARTE RLY 14(1): 32- 44, 1978 
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TABLE I 
Lower Illinois Region Series 
SERIES 
Yokem Mississippian 
Schild Cemetery 
Ledders Mounds 
Schild Mounds 
Joe Gay Mounds 
Koster Mounds 
Homer Adams 
Gibson 
Homer Adams 
Joe Gay 
Lawrence Gay 
N 
66 (adults) 
335 
187 
176 
114 
199 
64 
139 
13 
31 
33 
'After Long and Rippeteau" Damon, et al." 
2 Crane and Griffin" Perino" 
3 Crane and Griffin" 
•Tainter" 
'Tainter" Perino" 
Perino'" 
•Tainter" Cook" Perino (unpublished data) 
7 Crane and Griffin'" Tainter" 
•Perino (unpublished data) Cook" 
' Peri!1o (unpublished data) Buikstra20 
10 Perino (unpublished data) Cook" 
11 Perino (unpublished data) Cook" 
12 Perino (unpublished data) Cook" 
sample, all skeletons from nine Woodland series, and 
preliminary observations on adults from the Missis-
sippian component of the Yokem site. Thus docu-
mented are more than 1,000 years of prehistory and a 
geographic range which consists of the lower 70 miles 
of the Illinois River valley and adjacent uplands ex-
tending to and including the east side of the Missis-
sippi River valley (Fig l ). We have examined all 
skeletons with two or more observable elements, 
yielding a total sample of 1,357 individuals. 
It should be noted that data from juvenile mate-
rials were considered in this study, as they were not in 
the previous investigation. The earlier screening ex-
cluded juveniles because it was felt that lesions which 
would be most valuable in initial differential diagno-
sis were to be found in mature individuals. In the 
present study, however, given that our interpretation 
appeared to center upon distinguishing between tu-
berculosis and blastomycosis, the juvenile data could 
play a crucial role. 2 •3 •4 First of all, we must recognize 
that our expectations for lesion form and distribution 
in juveniles is not identical to that for adults. For 
instance, tuberculosis results in metaphyseal rather 
than epiphyseal resorption in children.2 •3 •4 For the 
purpose of differential diagnosis, it is most important 
to note that modern data would lead us to anticipate 
CA LIBRA TED, A VE RAGED 
DATES' 
1292 ± 81 2 
1068 ± 81' 
1018 ± 30• 
783 ± 39' 
651±487 
CULTURAL AFFILIATION 
Mississippian' 
Mississippian' 
(late) Late Woodland• 
(late) Late Woodland' 
(early) Late Woodland" 
(early) Late Woodland' 
(early) Late Woodland' 
Middle Woodland' 
Middle Woodland" 
Middle Woodland" 
Middle Woodland" 
epidemiologically distinctive patterns for tubercu-
losis when contrasted to blastomycosis. Groups suf-
fering from tuberculosis should show recognizable 
disease, for example, fusiform expansion of long 
bone diaphyses in infants and children. 5 
By contrast, although blastomycotic lesions 
have been reported for infants as young as 6 months 
of age,6 most sources agree that juveniles infrequently 
contract blastomycosis prior to age 10.1 - 9 Therefore, 
either the direct recognition of lesions attributable to 
tuberculosis, or indirect evidence of increased disease 
incidence in young juveniles could provide evidence 
important to us for diagnostic purposes. We will, 
therefore, describe resorptive lesions in juveniles 
which may be directly associated with the adult pat-
tern, and also report certain other lesion types, specif-
ically cribra orbitalia and meningeal reaction, which 
may serve as indirect or synergistic markers of the 
elevated disease load. 
Results 
The results of this investigation will be presented 
according to the chronological ordering of the study 
series, beginning with the earliest samples. The four 
most ancient series to be considered here comprise 
the Middle Woodland components of the Gibson, 
LAWRENCE 
GAY 
!ti GAY I 
.... 
t HOMER ADAMS 
0 5 10 
k- - ..I I 
SCALE IN Ml LES 
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RIVER VALLEY REGION 
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~ 
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Joe Gay, and Homer Adams sites, as well as the total 
Lawrence Gay sample. 
MIDDLE WOODLAND 
In the lower Illinois region, the Middle Wood-
land period extends from approximately I 00 BC to AD 
400. 
None of the 216 Middle Woodland adults and 
juveniles showed any sign of the oval, granular-
walled cysts which characterized the Schild Mississip-
pian series. The only observable resorptive pathology 
was undoubtedly age-related, including Schmorl 
nodes and degenerative remodelling of the sacroiliac 
articular surfaces. It seems reasonable, therefore, to 
exclude the Schild pathology from the disease load of 
Middle Woodland populations in this region. 
EARLY LATE WOODLAND 
Chronologically, the next most recent period is 
termed early Late Woodland, dating from approxi-
mately AD 400 to AD 800. As in the Middle Woodland 
sample, there is no conspicuous display of resorptive 
skeletal pathology among the three early Late Wood-
land series reported here (N = 377). 
One adult, sex unknown, from the Late Wood-
land component of the Homer Adams site shows a 
rather large (about 2 cm maximum diameter), 
smooth-walled cyst located within the medullary cav-
ity of the left femur deep to the lesser trochanter, as 
well as the intertrochanteric line and crest. There 
is a drainage channel penetrating from the lesion to 
the external surface of the cortex at the distomedial 
aspect of the intertrochanteric line. There is no active 
remodelling in the region of the drainage channel. 
The extent of this lesion or the presence of associated 
noncontiguous lesions is difficult to determine, given 
that the fragmentary proximal femur diaphysis/me-
taphysis represents the major portion of this imper-
fectly preserved individual. No other skeletal remains 
from the Homer Adams series displays resorptive 
pathology. 
None of the skeletons recovered from the early 
Late Woodland component of the Joe Gay site show 
cystic, resorptive foci; however, one individual-
Mound 2; Burial 6-does present an unusual bit of 
remains which may reflect calcified pleural tissue (Fig 
2). If this is indeed pleural calcification, it would be 
consistent with pulmonary foci of either blastomy-
cosis or tuberculosis, although numerous other forms 
of pathology could produce similar remains. Given 
Fig 2-Tissue artifact from Joe Gay site, Mound 2, Burial 6. This 
remains may reflect calcified pleural tissue. 
the nonspecificity of this tissue artifact without con-
firmatory data from skeletal lesions, such evidence is 
at best suggestive. 
The Koster early Late Woodland sample, the 
single Illinois Valley series, does display numerous 
lesions which should be termed resorptive; however, 
the distribution of these foci, as indicated in Table 2, 
does not center in the vertebral column. In addition, 
when lesions which are explicitly secondary to pri-
marily proliferative response are deleted from consid-
eration, along with Schmorl nodes, we are generally 
left with a few subarticular digital foci in adult fe-
males and one juvenile, and an apparent develop-
mental defect in the spinous process of the first sacral 
unit which is best considered as a normal variation. 
In the total Koster sample, there exists only a 
single instance of cystic resorption associated with 
coarsened granular reaction in the surrounding bone. 
This isolated example, occurring in the ischium of a 
35-45-year-old male (Mound 4; Burial IB, Fig 3), 
consists of a sinus draining to the ventral aspect of 
the descending ramus of the left ischium. A 14-15-
month-old juvenile (mound unknown) displays two 
small resorptive foci confluent with the proximal 
epiphyseal surface of the metaphysis of the left hu-
merus. The underlying trabecular bone does not ap-
pear coarsened, and there is a cuff of reactive tissue 
around the margin of the lesion. Given the absence of 
diagnostic vertebral lesions, and the numerous other 
possible explanations for the few foci which do ap-
pear, it seems that we cannot identify the Schild 
tuberculosis/ blastomycosis-like pathology in the 
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MO UND-BURIAL 
N UMBERS AG E/SEX 
?-B 14-IS months/ ? 
1-14 2S-26 yrs/ F 
1-21 14 yrs/ F? 
3-7 21-24 yrs/ F 
4-lB 27-30 yrs/ M 
4-6 47 + yrs/ F 
4-9 27-30 yrs/ M 
4-14 30-3S yrs/ F 
KnS-6E 3S-39 yrs/ M 
S-14 SO+ yrs/ F 
S-28 41-42 yrs/ F 
6-8 14-16 yrs/ ? 
7-19 9 yrs/ ? 
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TABLE 2 
Resorptive Foci in the Koster Early Late Woodland Series 
LOCATION OF LESION 
Left proximal humerus, metaphyseal surface 
Subarticular region of metacarpals (extensive osteomyelitis throughout body) 
Non-ovoid resorption on superior and inferior aspects of L4, superior aspect of LS 
Ventral aspect ofmanubrium sternum 
Left humerus diaphysis, left descending ram us of ischium 
Left carpal (navicular), metacarpal , subarticular lesions 
Central portion of inferior surface of body of LS, superior aspect of S 1-Schmorl nodes? 
Right ulna , olecranon process in region of triceps insertion, left humerus medial to greater 
tubercle, right 4th metacarpal-subarticular 
Distal right fibula metaphysis 
Multiple minor diaphyseal resorptive foci in association with primarily proliferative response. 
Cubical and long bones of hands/ feet (right side) show articular/ subarticular lesions. 
Right aspect of frontal bone also displays two small foci. 
Superior aspect of the spinous process of S 1 
Left 3rd metacarpal , subarticular 
Koster series, or in any of the other early Late Wood-
land populations investigated here. 
tween AD 800 and AD I 050. The location for these two 
sites is indicated in Figure I. 
LATE LATE WOODLAND 
The dates for later Late Woodland sites, such as 
the Ledders and Schild Mound groups, range be-
Fig 3-Descending ram us of left ischium, ventral aspect, of Koster 
Mound 4, Burial 1 B, showing location of resorptive lesion. 
Ledders adults show no resorptive pathology, 
although three juveniles do have pathological 
changes which could be characteristic of tuberculosis, 
blastomycosis, or a number of other forms of infec-
tious pathology. Mound I; Burial 144, an infant, 
shows multiple long bone involvement characterized 
by fusiform, expansive remodelling of the diaphyses 
(Fig 4 ). The cortices are thinned, with the underlying 
trabecular structure resorbed. There is light fiberbone 
periostitis in the expanded region, but periostitis is 
not conspicuous in nonexpansive areas. Similar re-
modelling is seen in the distal right humerus of Burial 
115 from Mound I, which shows a sinus draining 
directly into the epiphyseal area. A third individual 
shows minor erosion in a proximal humerus 
epiphysis. In sum, though the Ledders juvenile pa-
thology could be associated with tuberculosis, blas-
tomycosis or a range of other mycotic and bacterial 
infections, the absence of skeletal lesions in adults 
precludes the positive identification of the Schild 
Mississippian pathology here. 
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The Schild Late Woodland mounds sample 
shows numerous examples of resorptive skeletal 
changes; however, the patterning for these loci (Table 
3) emphasizes the appendicular skeleton and does not 
include the thoracolumbar vertebral bodies. Mound 
3; Burial 2, a young adult male pictured in Figure 5, 
does present an instance of expansive resorption at 
the sacroiliac articulation which could be associated 
with tuberculous or mycotic pathology, but the exis-
tence of this case in isolation does not verify the 
existence of the Schild Mississippian pathology in the 
Schild Late Woodland sample. Given the absence of 
diagnostic vertebral pathology in a total sample of 
349 terminal Late Woodland individuals, it appears 
that we must reject the notion that these groups suf-
fered from the Schild tuberculous/ mycotic-like afflic-
tion. 
MISSISSIPPIAN 
The uniformly negative results from the Wood-
land series which immediately predate the Mississip-
pian populations that were buried at Schild induced 
us to conduct preliminary screening of a second local 
Mississippian sample. We wished to investigate the 
degree to which the Schild pathology appeared to be 
an isolated entity, or whether it might be more 
Fig 4-Long bones from Ledders Mound 1, Burial 144, showing 
fusiform expansion o f diaphyses . 
broadly associated with other groups which existed 
during the AD I 050 to AD 1300 period. The sample 
chosen for investigation was the Yokem series, ex-
cavated from a cluster of mounds located on the 
Mississippi River drainage (Fig I ). To date, only 
adults and adolescents have been observed. 
A summary of the Yokem results appears in 
Table 4 . All possible resorptive lesions are reported, 
TABLE 3 
Resorptive Foci in the Schild Late Woodland Sample. Individuals with Primary Proliferative (Osteomyelitic) Responses are not Included 
MOUND-BURIAL 
NUMBER 
1-1 
1-17 
2-4a 
AGE/SEX 
12-14 yrs/ F? 
39-44 yrs/ M 
adult/F 
LOCATION OF LESION 
Distal femur epiphyses 
Ventral aspect of odorttoid process, and anterior aspect o f C2 body. Subarticu la r lesion o n 
right l st metatarsal. Given widespread periostitis, p rimary response does not appear 
resorptive. 
G lenoid fossae of both scapul ae, 2nd cervica l vertebra, and right ischial tuberosity 
2-18 35-39 yrs/ F Left humerus, dorsal aspect of ana to mical neck 
2-19 
3-2 
3-6 
3-18 
3-20 
9-17 
9-28 
30-39 yrs/ M? 
27-30 yrs/ M 
20-25 yrs/ M 
adult/ F? 
35-39 yrs/ M 
25-29 yrs/ F 
39-44 yrs/ M 
Superior aspects of right and left 3rd cuneiforms 
Auricular surface of left innomina te 
Media l epicondyle o f left femur 
Do rs um ilii of right inno mina te 
Carpals, left tibia, dista l femora 
Epiphysis of right clavicle 
Sacrum, on superior aspect of body of LI , apparently Schmorl node 
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Furthermore, the deviation is in the direction speci-
fied by the Schild Mississippian model. Though the 
sample size is decidedly small (N = 66), an axial 
concentration of lesions is easily distinguished. 
Sacroiliac involvement, as well as thoracolumbar de-
struction (Fig 6) mirrors the Schild pattern. Lesions 
appear in the central portions of vertebral bodies, 
either having originated at the dorsal aspect or in the 
disc. Circumferential erosion is also common, with 
little proliferation of tissue, except in advanced or 
healing phases. The surface texture of the affected 
bone is generally coarsened and sclerotic, especially 
at the base of the circumscribed, oval lesions. We 
may therefore conclude that the Schild pattern is 
clearly identified in the Yokem sample. 
F ig 5-Auricular surface of left innominate fro m Schild Mound 3, 
Burial 2. Note expansive resorption . 
The final osseous sample to be described here 
comprises the juveniles from the Schild Mississippian 
series. None of the Schild juveniles less than I 0 years 
o f skeletal age show signs of resorptive foci; however, 
one 6- 8-year old (SA-76C) did display active peri-
ostitis within the iliac fossa, which might have been 
associated with a psoas abscess. Both this individual 
and a heavily diseased I 0-12-year old, Knoll A; Bur-
ial 4, showed extensive porosity of the cubical and 
tubular bones of the feet , in association with peri-
osteal elevation in the calcanea. Four other juven iles 
between the ages of 6 and 12 years showed similar 
porosity and periosteal elevation; no such patterns 
with those clearly defined by osseous reaction listed 
as "Group I-Core." A second group is recorded as 
"non-core" due to the fact that although resorptive 
pathology is suspected, either poor preservation or 
proliferative response (ankylosis) has rendered our 
determination imprecise. The following discussion 
will emphasize data derived from Group I. 
As evidenced by Table 4, the pattern for resorp-
tive pathology in the Yokem series clearly deviates 
from the previously described Woodland pattern. 
MOUND-BURIAL NUMBER 
Group I-Core 
1-6 
1-34 
2-5 
2- 15 
Group 2-Non-core 
1-8 
1-9 
1-36 
3-6a 
TABLE 4 
Resorptive Foci in the Yokem Mississippian Sample 
AGE / SEX LOCATION OF LESION 
40-50 yrs/ Female Sacroiliac a rticu la tio n; bodies of 7th-1 2th thoracic vertebrae, I st a nd 2nd lum bars 
25-26 yrs/Ma le 3rd lumba r ve rtebra, body 
41-42 yrs/ Female 5th lumbar and Isl sacral unit , across d isk involvement 
17- 18 yrs/ Male M idlumbar (poorly preserved), bodies affected 
15- 17 yrs/ M ale? Lower thoracic vertebra (poor preservation), body 
50+ / Female 2nd and 3rd lumba r verteb rae fused, no apparent resorptive lesions 
50 + / M ale Four thoracic (poor preservation) show resorptive foci which could be ex treme case 
of degenerative (Schmorl nodes ) change. 
50+ / Male 12th thoracic through L2 are an kylosed, wih no observable inflammato ry re-
sponse or resorptive foci . Resorptive foci on neck of left femur and distal right 
femur metaphysis. 
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Fig 6-Lower thoracic and lumbar vertebrae from Yokem Mound 
I, Burial 6. Note resorptive pathology. 
were noted for younger juveniles. Though such data 
are admitted ly tenuous, it is possible that this pedal 
porosity/ periostitis could be evidence of an osteo-
arthropathy associated with pulmonary disease. It is 
important tha t this pattern was found in none of the 
Woodland juveniles. As fully one third of the Schild 
Mississippian children with suitably observable ele-
ments display the tarsa l porosity / periostitis pattern, 
a pathology not common to the earli er Woodland 
groups may be present. Additiona l indirect evidence 
exists for the presence of a form of pathology in the 
Schild Mississippian juveniles which was not present 
in the other samples. As indicated in Figure 7, which 
reports frequency data for cribra orbita li a-com-
monly accepted as evidence of anemia-the Wood-
land pattern contrasts with that for the Schild 
sample. Woodland juveniles display the expected in-
cidence for an anemia resulting from dietary causes, 
including iron deficiency, protein-ca lorie malnutri-
tion , scurvy, and rickets . These and other specific 
nutrient deficiencies should not be observed prior to 6 
months of age, given the presence in neonates of 
stores accumulated in utero . Such is the Woodland 
model, showing an incidence peak for cribra orbita li a 
at approximately 1-2 years, followed by a decrease in 
frequency to virtua l absence by ear ly chi ldhood. The 
Schild Mississippian pattern, however, is different. 
There is a relatively high incidence of cribra in indi-
viduals dying between birth and six months , fo llowed 
by the expected pea k a t 1-2 years . It appears that an 
underlying dietary deficiency anemia is present, but 
that another form of pathology has been superim-
posed. This would be compatible with the addition of 
a new infectious pathology, such as tuberculosis, to 
the range of pathogens normally encountered by 
lower Ill inois Va lley inhabitants. 
If tuberculosis is indeed the causative agent in-
directly identified here, we might also expect other 
indirect indications of increased disease experience in 
juveniles, including elevated frequencies of men-
ingitis , a prominent cause of chi ldhood deaths from 
tuberculosis prior to effective chemotherapy. 10 - 13 The 
investiga tion of bony meningeal reaction fai led to 
identify a distinctive pattern for the Mississippian 
sample, although it has been shown in other studies 14 
that meningeal reaction is closely linked to the fre-
quency of quasi-treponemal osteomyeli tic lesions in 
the Woodland series. Given the high frequency of 
osteomyeliti s in a ll series investigated here, it is not 
improbable that any minor effects of a disease of 
relatively low incidence would be obscured. 
Recovery Rates 
Before interpreting these results , 1t 1s necessary 
to consider an important source of bias: the fre-
quency of observable elements per prehistoric skele-
1.0 
• MW • ELW 
0 LLW 
x MISS 
x x 
.5 
• 
0----..... --..... ----.... ----..... --
B-5 6-11 12-23 24+ 
Fig 7-Frequency of cribra orbitalia in Woodland and Mississip-
pian juveniles less th an 6 yea rs of age. Age in months appears on 
the horizontal axis. (Dot = Middle Woodland; Square = Early 
Late Wood land; Circle = Late Late Woodland; X = Mississip-
pian.) 
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ton, relative to total expected frequency, if all bones 
for each individual were present and subjected to 
study. Table 5 presents recovery rates generated for 
three Woodland and two Mississippian skeletal sam-
ples. Each element is reported in terms of the ob-
served number of bones as a percentage of the ex-
pected, given the number of skeletons studied and the 
distribution of bones in the human body. By com-
paring the recovery rates for the femora with those 
for the vertebrae, one quickly notes a differentia l 
recovery pattern between the Woodland and the Mis-
sissippian samples. (The vertebrae are the bones most 
crucial to our present analysis; the femora are bones 
most frequently preserved and recovered from 
these mortuary sites.) The relatively minor under-
representation of vertebrae in the Mississippian series 
contrasts with the Woodland samples; apparently the 
recovery rates for the femur do not vary significantly 
between the sites, though vertebrae are clearly under-
enumerated in the Woodland series. Although nu-
merous factors can affect this underrepresentation, 
including the poor preservation of vulnerable verte-
brae and the vagaries of archaeological recovery, the 
main effect here probably derives from the high fre-
quency of processed, or bundled, burials at the Late 
Woodland sites, when compared with the Mississip-
pian loci . 
Whatever the cause, it is easy to see that this 
differential representation of body parts can easily 
affect one's ability to observe area-specific pathology 
of expected low frequency. Given the small size of the 
Yokem Mississippian sample, we are still impressed 
by the observed shift in disease pattern from that 
displayed by prior Woodland populations; however, 
this impression should be qualified by a consideration 
of Woodland sampling biases. 
Interpretation 
Having tentatively accepted the idea that Missis-
sippian groups did suffer from an osseous disease not 
found in earlier populations, we may then explore 
our data for support of the a lternative tuberculosis 
and blastomycosis models. As our expectations for 
the form and distribution of resorptive lesions in 
individual skeletons do not vary significantly between 
the two diseases, our analysis must emphasize epide-
miological data as well as indirect evidence con-
cerning nonspecific osseous change. 
In favor of the tuberculosis model are our epide-
miological data from the Schild adults, who show 
marked young adult mortality and a lack of sex bias. 
Local and generalized osteoporosis in both adults 
and juveniles would also be compatible with tubercu-
losis, as would the evidence of an increased disease 
incidence in very young infants. However, to be 
weighed heavily against such data is the complete 
absence of diagnostic resorptive vertebral lesions in 
Mississippian individuals of less than 10-12 years of 
age. Though we hesitate to base our conclusions 
upon negative evidence from admittedly fragile and 
incompletely preserved materials, the absence of re-
sorptive pathology in juveniles is important. Though 
intuitively the diagnosis of tuberculosis may seem 
more pleasing, the presence of blastomycosis remains 
possible. 
It is appropriate to consider certain biocultural 
factors which may be important in explaining the 
existence of tuberculosis and blastomycosis. We will 
emphasize three variables critical to the development 
of a human density-dependent disease such as tu-
berculosis, or an environmental pathogen such as 
blastomycosis: subsistence and settlement patterning, 
population density, and interregional interaction. 
Table 6 summarizes the trends in these biocultural 
variables. 
The earliest series under consideration here date 
to the Middle Woodland period (ca 100 BC to AD 
400). During this period of prehistory, population 
density for the Illinois Valley has been estimated by 
Asch 15 at less than one person per square mile. Habi-
tation apparently centered upon the main river val-
leys and their major tributaries; exploitation of natu-
ral resources was characteristically diverse, with 
emphasis on deer hunting and collection of wild 
plants. 16 - 18 
The possibility of frequent interaction with con-
temporary Middle Woodland populations from other 
regions is suggested by the presence of finely crafted 
" Hopewell" items which were manufactured from 
raw materials not available in the local area. 19 The 
aesthetically pleasing Hopewell artifacts are most 
commonly found in burial mounds and doubtless had 
some social significance for Middle Woodland 
groups.20•21 It should be noted , however, that not all 
archaeologists accept the idea that Middle Woodland 
communities were characterized by either extensive 
trade rel a tionships or complex social structure.22 
Thus, our baseline Middle Woodland model for 
subsistence, demography, and interaction describes a 
spaced series of hunting and gathering communities 
which had base camps within the major river valleys, 
but whose seasonal movements doubtless included 
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TABLE 5 
Recovery Rates ( % ) 
ELEMENT 
Schild Yokem 
Mississippian Mississippian 
Cranium 83 94 
Mandible 80 91 
Scapula 82 91 
Clavicle 78 88 
Humerus 90 92 
Radius 84 86 
U lna 86 86 
Jnnominate 85 92 
Femur 90 96 
Patella 52 67 
Tibia 87 94 
Fibula 85 85 
Sternum 67 69 
Ribs 64 76 
Carpals 32 51 
Metacarpals 61 72 
Hand Phalanges 33 46 
Tarsals 62 72 
Metatarsals 60 73 
Foot Phalanges 13 18 
Cervical Vertebrae 73 81 
Thoracic Vertebrae 78 88 
Lumbar Vertebrae 80 90 
Sarcum 80 94 
adjacent uplands and other valley regions. Local 
group interaction may have been structured as part of 
an annual or even a multi-year cycle; however, there 
is evidence against extensive population movement or 
migrations. 
Thus described, Middle Woodland does not pro-
vide an ideal environment for the development of a 
human density-dependent disease such as tubercu-
losis. Although there is indication of an interactive 
network which could have supported disease trans-
mission, one essential element- sedentary human 
population aggregates of large size-is absent. My-
cotic disease is also unlikely because Middle Wood-
land subsistence did not require intensive cultivation 
of the soil. In this biocultural milieu, the negative 
results of our present osteological research do not 
seem surprising. 
Chronologically, the next most recent period is 
early Late Woodland, which is commonly character-
ized by an absence of Hopewell items as well as by 
certain other stylistic distinctions. Archaeologists see 
this as a time of increased population density, 17•23 for 
SITE 
Schild Late 
Woodland Ledder Koster 
84 88 77 
76 73 72 
73 66 86 
70 62 68 
92 73 87 
79 66 79 
82 74 81 
84 67 86 
91 88 89 
53 47 50 
89 78 87 
80 58 76 
46 37 46 
34 35 44 
25 35 31 
47 43 47 
24 34 26 
51 50 50 
53 45 48 
13 17 13 
51 49 49 
53 51 56 
59 53 63 
66 55 81 
although sites may not increase significantly in size, 
they do increase in number. Subsistence strategy does 
not seem to have changed markedly during most of 
this period, but apparently there was active inter-
group conflict, evidenced by the frequency of pro-
jectile points in human burials, as noted by G. 
Perino24•25 (unpublished data). Thus, though popu-
Table 6 
Chronology of Biocultural Variables 
Mississippian 
La te La te Woodland 
Early Late Woodland 
Middle Woodland 
Sub- Popula-
sistence 
Strategy* 
AG/ h-g 
h-g/ ag 
h-g 
h-g 
ti on 
Density 
stable? 
increase 
increase 
< I/ sq m i 
Supra-
local 
Interaction 
+++ 
+ 
* AG/ ag = maize horticulture or agriculture; H-G/ h-g = 
hunting and gathering of locally ava ilable resources. 
Capita l letters indica te importance in excess of that deno ted 
by lower case script. 
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lation density increased, opportunities for disease 
transmission were fewer . Aggregated, sedentary hu-
man populations are not present, nor is there an 
indication of intensive cultivation. Given these bio-
cultural data, our inability to document either tu-
berculosis or blastomycosis is not unexpected. 
The later Late Woodland period, dated here be-
tween AD 800 and AD 1050, includes groups which 
were engaging in maize agriculture for the first time 
in this region. 17 •18 There is also archaeological evi-
dence of a continued increase in population density, 23 
and sites are now located in uplands, as well as in the 
main river valleys. 17 Although hunting and gathering 
of local resources doubtless remained important in 
local subsistence strategies, the cultivation of maize 
represents a major alteration in dietary composition 
and also affects settlement patterning. There is no 
evidence during this period of extensive trade or pop-
ulation movement.26 Given the biocultural character-
istics of the later Late Woodland period , the lack of 
evidence for a tuberculosis-like pathology is not sur-
prising. Population density apparently has increased; 
however, the essential combination of a pathogen, a 
mechanism for transmission, and a relatively se-
dentary and sufficiently large human host population 
is not present. Our expectations for tuberculosis in 
this environment are low, and are compatible with 
the observed absence of resorptive spinal pathology 
in any terminal Late Woodland series. 
If, alternatively, the pathology identified here is 
indeed blastomycosis, our osteological data are dis-
quieting. Though intensity of agricultural activity 
cannot be measured precisely at this time, maize is 
conspicuously present in Late Woodland habitation 
sites. 17 •18 To the extent that an increased dependence 
upon maize reflects an intensified contact with soil-
borne pathogens, we should expect to encounter 
mycotic infection in late Late Woodland skeletons. 
Such is not the case. Clearly, more archaeological 
information must be brought to bear on this ques-
tion . However, at this point it appears that our 
Woodland osteological and cultural data are most 
compatible with an expectation that our Mississip-
pian pathology is tuberculosis . 
By approximately AD 1050, maize agriculture 
was well established within the Mississippian tradi-
tion. Population density had probably not increased 
significantly within the lower Illinois region; how-
ever, just to the south at Cahokia there is a major 
aggregation of individuals estimated by archae-
ologists to number between 25,500 and nearly 
43,000.27 Other major local concentrations of smaller 
size also exist to the north of the lower Illinois region , 
including an aggregate estimated at between 600 and 
1, 170 individuals at Larson site which is located at 
the confluence of the Illinois and Spoon rivers. 28 Arti-
facts recovered from Mississippian sites show many 
elements common to other, nonlocal groups of the 
Mississippian tradition . In this way, interregional in-
teraction and communication are well documented . 
Within this context, our expectations for the ap-
pearance of a human density-dependent disease 
should probably depend not so much on the size of 
the local group but on the aggregate size in major 
centers such as Cahokia. Low estimates of popu-
lation density have frequently been used29 as indirect 
evidence that tuberculosis and other epidemic pathol-
ogy could not have existed in the prehistoric New 
World. We argue that the population aggregated at 
Cahokia could have provided a reservoir suitable for 
the development and maintenance of an epidemic 
disease, which would have pulsed out into the farm-
stead communities in adjacent regions. The tubercu-
losis epidemic reported by Carey30 for the Eskimo 
Point native population provides excellent documen-
tation of the impact of a crowd infection on a settle-
ment of small size. 
Alternatively, intensification of agricultural ac-
tivity during the Mississippian period may have sig-
nificantly increased exposure to soil-borne fungi . 
Based on epidemiological patterns in modern groups, 
we would expect that those individuals actually per-
forming cultivation tasks would be most readily ex-
posed to the fungus . If our Mississippian groups were 
suffering from blastomycosis, then agricultural activi-
ties apparently were engaged in by both men and 
women, beginning intensively in adolescence. Other 
osteological data , for instance, degenerative joint dis-
ease patterns, could be used to test this hypothesis. 
Conclusions 
In this study we have combined both biological 
and cultural data in the investigation of resorptive 
pathology in Woodland and Mississippian skeletal 
series from west-central Illinois . Information con-
cerning the types of lesions and their distribution 
confirms the presence of a previously unknown dis-
ease in Mississippian populations. Adults and adoles-
cents from Yokem and Schild Mississippian com-
ponents clearly display cystic vertebral pathology, 
which in association with other peripheral osseous 
lesions distinguishes them from earlier groups. This 
BUIKSTRA AND COOK: PRE-COLUMBIAN TUBERCULOSIS 43 
idea is supported indirectly by evidence from both 
infants and children of the Schild sample. 
In our prior study of the Schild adult series, it 
may be reca lled that on epidemiological grounds we 
were led to favor tuberculosis as the probable agent 
of the observed prehistoric distress. Now, as a result 
of our more extensive investigations, epidemiological 
data have forced us to rethink our earlier preliminary 
model. As mentioned previously in this paper, we 
expect that tuberculosis should be evident in juve-
niles, where low but recognizable frequencies of re-
sorptive lesions should be o bservable. Leaving non-
specific evidence aside, there are no diagnostic lesions 
in any Schild individual prior to 10-12 years of age; 
this would be our precise expectation if the pathology 
in question were blastomycosis rather than tubercu-
losis. Certainly, we must consider the indirect evi-
dence of infant anemia, tarsal porosity, and the possi-
bility of a psoas abscess in a juvenile (which would 
also be compatible with a blastomycosis model), and 
we cannot ignore the elevated young adult mortality 
in Schild Mississippians. The effects of prehistoric 
a nd modern sampling biases as well as the possibility 
that this as yet unspecified ancient disease bears no 
modern counterpart causes us to further qualify our 
sta tements. It appears, therefore, given the results of 
the present study, that the question of prehistoric 
tuberculosis in eastern North America must remain 
open, pending the further study and refinement of 
models for differentiating tuberculosis from mycotic 
infections. 
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Paleoepidemiology of Degenerative Joint 
Disease 
ROBERT D. JURMAIN, PH.D. 
Assistant Professor of Anthropology, San Jose State University, San Jose, California 
Introduction 
In order to contribute significantly to the de-
scription and understanding of human disease, 
paleoepidemiology must first recognize requirements 
which epidemiologists have long considered essential: 
I) that the populations sampled are relevant to a set 
of specific hypotheses concerning a particular set of 
diseases; 2) that an adequate sample is employed to 
accurately represent the whole population; and 3) 
that wherever possible, sex and age parameters are 
accurately controlled. 
Given a specific set of hypotheses worthy of 
being tested, paleoepidemiology can be used not only 
to describe the distribution of significant human dis-
eases but also to help untangle and explain their 
etiology. 
Epidemiology of Rheumatic Diseases 
The rheumatic diseases have long been a focus of 
epidemiological research with emphasis placed on 
describing their distribution and severity by sex, age, 
and occupation.' General epidemiological informa-
tion is gathered either by questionnaire survey to 
ascertain frequency of rheumatic complaints or by 
radiological survey of individual joints; the most 
comprehensive series of studies employ both ap-
proaches. Over a number of years Kellgren, Law-
Presented at the symposium on Paleoepidemiology, 46th An-
nual Meeting of the American Association of Physical Anthropol-
ogists , 14 April , 1977, Seattle, Washington. 
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rence, and their associates have extensively studied 
two English populations comprising over 4,000 indi-
viduals.2 - 7 The populations sampled were specifically 
selected in order to test a set of hypotheses con-
cerning the association of stress involved in mining 
occupations and the incidence of degenerative dis-
ease. 
Similar studies, though of shorter duration, have 
been done in Finland,8 the Netherlands,9 Bulgaria,'0 
Jamaica, 11 and the United States.12 - 15 General epide-
miological data on the incidence of rheumatic dis-
eases have also been gathered from populations seen 
at autopsy.16- 21 
Osteological analysis of the incidence of degen-
erative rheumatic disease has so far been limited pri-
marily to studies of the vertebral column. 22 - 28 Pale-
oepidemiological studies of degenerative disease of 
the peripheral skeleton have been rare, the only sys-
tematic research being done by Brothwell,29 Ander-
son,30 and Ortner.31 
Paleoepidemiological Analysis of Degenerative Joint 
Disease 
Paleoepidemiology of osteological remains can 
contribute additional perspectives to that offered by 
standard epidemiological investigation of recent 
populations. Tremendous dimension in time is added, 
encompassing varied populations with radically dif-
ferent lifestyles from those usually sampled today. 
Moreover, paleoepidemiology can also add a wide 
geographical perspective, for cadaver series and most · 
epidemiological studies are usually confined to pre-
dominantly urban areas. 
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The kinds of degenerative changes seen on x-ray 
and particularly those seen at autopsy are analogous 
to those seen on direct visual examination of bones. 
The typical features of degenerative joint disease 
diagnosed by direct osteological examination include: 
I) osteophytosis, or bony lipping around the periphery 
of the joint, 2) eburnation, or polishing of the articu-
lar surface, and 3) pitting, eventual destruction and 
remodeling of the articular surface. 
Differential diagnosis is usually not a problem, 
but care must be employed to isolate the different 
aspects of degenerative disease (sometimes covered 
by the general names "arthritis" or "osteoarthritis," 
but these are ill-defined terms and clinically actually 
are misnomers): 
I) Spinal arthritis (more properly called spondy-
losis or osteophytosis )-affects the fibrocar-
tilage intervertebral joints, and its etiology 
and pathogenesis are distinct from degenera-
tive joint disease of synovial joints; 
2) Rheumatoid arthritis-affects the peripheral 
synovial joints by a predominantly lytic proc-
ess with little or no hypertrophic bone forma-
tion32; 
3) Degenerative joint disease-affects the pe-
ripheral synovial joints and is characterized 
by a mixed pattern of hypertrophic bone 
formation ( osteophyte) and lytic processes 
of the articular surface. 
Materials and Methods 
Four human skeletal populations sampled var-
ied both in space and time. Modern American whites 
and blacks were represented by macerated specimens 
that came to autopsy at Washington University in St. 
Louis (these skeletons now comprise the Terry Col-
lection at the Smithsonian Institution). The two other 
populations included 12th century American Indians 
from Pecos Pueblo, New M exico (stored at the 
Peabody Museum, Harvard University), and pro-
tohistoric Alaskan Eskimos (also from the Smithso-
nian Institution) . 
These populations were selected because they 
differ greatly in their relationships to their respective 
environments. Eskimos use their bodies in a more 
rigorous fas hion than either modern Americans or 
Pueblo India ns; therefore, the hypothesis to be tested 
concerns the effects of severe functional stress on de-
generative disease. If such stress is an important 
etiological factor in the distribution of degenerative 
disease, Eskimos should show the greatest damage 
and the most severe involvement of their joints, par-
ticularly in those areas under the most functional 
stress. 
The osteological samples used are as follows: 
TERRY COLLECTION 
white males 
white females 
total 
black males 
black females 
total 
107 
103 
210 
11 6 
118 
234 
PECOS COLLECTION 
males 
females 
total 
ESKIMO COLLECTION 
males 
females 
total 
TOTAL SAMPLE = 798 
111 
97 
208 
80 
66 
146 
Degenerative joint disease is analyzed through 
the use of ordinally scaled variables. Such grading 
criteria are used routinely in analysis of degenerative 
skeletal involvement, particularly in the vertebral col-
umn;22·33 moreover, similar criteria are used to rate 
degenerative changes seen on x-ray34 and at au-
topsy .17 
In an earlier analysis35 the four large peripheral 
joints (knee, hip, shoulder, and elbow) were investi-
gated, but the most epidemiologically significant re-
sults related to the elbow joint; therefore, this joint 
will be the only one discussed here. 
Degenerative Disease of the Elbow 
Sixteen areas of localized degenerative in-
volvement were rated for both right and left sides on 
the dista l humerus, proximal ulna, and proximal 
radius: 
1) On the Distal Humerus: 
a. Trochlea, medial margin 
b. Lateral trochlear ridge 
c. Capitulum, lateral margin 
d. Olecranon fossa 
e. Coronoid fossa 
f. Tr9chlea, articular surface 
g. C;ipitulum, articular surface 
2) On the Proximal Ulna: 
a . Coronoid process, marginal lipping 
b. Olecranon process, marginal lipping 
c. Radial facet, marginal lipping 
d. Coronoid process, articular surface 
e. Olecranon process, articular surface 
f. Radial facet, a rticular surface 
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3) On the Proximal Radius: 
a. Head, superior surface 
b. Head, inferior margin 
c. Head, lateral articular surface 
In addition to the 16 primary variables listed 
above, biological age was also used in the analysis. 
For the Terry Collection age was accurately docu-
mented on morgue records, but for the two archaeo-
logical populations standard techniques of age deter-
mination by pubic symphysis analysis were 
employed;36- 38 however, since aging by pubic sym-
physis analysis provides only a rough estimate of 
biological age, individuals were bracketed into ten-
year categories. 
The degree of severity of degenerative disease for 
the entire elbow joint was calculated by adding the 16 
individual indicators of degenerative involvement 
and then recoding them into three categories: none/ 
slight, moderate, and severe. This coding was cali-
brated as closely as possible with autopsy data 17 and 
clinical information concerning actual morbid 
changes.39 
Results 
The distributions of moderate and severe in-
volvement for right and left elbow joints by age and 
sex are shown in Figures I through 4. As is readily 
apparent, compared to other populations, the joints 
of Eskimos are much more commonly and severely 
involved . Significance levels from x2 tests for cross-
population comparisons are seen in Table 1. 
In addition, this pattern of degenerative in-
volvement tends to occur earlier in males than in 
females and is generally more severe on the right side 
of the body; in fact, the generally earlier age of onset 
in the right elbow is true for males froin all four 
populations. Females present a mixed picture: white 
females are not involved at all on either side until late 
in life (sixth decade) and then only slightly; black 
females are involved earlier (fourth decade) and tend 
to be consistently more affected on the right side; 
however, Pecos and Eskimo females show earlier on-
set in the left elbow and generally more common and 
severe involvement of this side. 
Endocrine factors have been suggested as a pos-
sible contributing factor in the onset of degenerative 
disease, primarily from epidemiological evidence in-
dica ting sharply increased incidence in late-middle-
aged females. 40 Among Pecos females a possible role 
of endocrine factors is also suggested for the elbow 
joint where there is a sharp rise in frequency for both 
right and left elbows in late middle age (fifth to sixth 
decades), with no severe lesions occurring before this 
age. 
Black females are never severely involved before 
the sixth decade at which time both right and left 
elbows become affected; moreover, they show an in-
creased frequency of involvement at this time which 
is most marked on the left side. White females also 
are not affected until the sixth decade when they are 
only very slightly involved. On the other hand, Es-
kimo females do not exhibit this pattern; indeed, the 
frequencies of involvement tend to decrease in late 
middle age (sample size of Eskimo females 41-50: 
Right elbow = 9; Left elbow = 5). 
In order to isolate and understand the significant 
patterns of variation within the elbow joint, factor 
analysis41 was performed using the 16 primary vari-
ables plus biological age. For the entire Terry Collec-
tion (black and white combined; N = 444) the pat-
tern of variation is first displayed by an unrotated 
principal components solution (Table 2). As expected 
in this technique, the initial factor (Eigenvalue =6.39; 
% of variation = 37.6) displays moderate loadings for 
a ll variables, possibly suggesting the presence of a 
generalized elbow osteoarthritis factor; however, the 
effect of age is markedly less in this joint than is true 
for the knee,42 shoulder, or hip. 35 In fact, on this first 
generalized factor, age has the third lowest loading of 
all the variables. 
The most associated variables are consistently 
related to osteophyte formation throughout the joint: 
inferior radial head, lateral capitulum, and on the 
olecranon process of the ulna. Changes within the 
radiohumeral articulation and the proximal radio-
ulnar joint are also moderately associated on this 
initial factor . 
Besides age, the most unassociated variables are 
the lateral trochlear ridge and the coronoid surface of 
the ulna . The least correlated areas a long with age are 
thus related to the ulnohumeral a rticulation and its 
strictly flex ion/ extension movements within the el-
bow. 
The second factor (Eigenvalue = 1.51; % of vari-
ation = 8.9) isolates degenerative changes in the ul-
nohumeral co mpo nent as contrasted to those in 
either the n~dioulnar or the radiohumeral articula-
tions. F unctionally, this factor isolates variation as-
sociated with strict flexion / extension in an opposite 
direction from variation due to mainly pronation/ 
supination (with some flexion/ extension) within the 
joint. Interestingly, changes within the coronoid and 
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Figs I through 4-The distribution of moderate and severe involvement for right and left elbow joints by age and sex. N = samp le size 
and is used when sample is unusually small. 
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TABLE 1 ation even further. The first rotated factor is most 
Statistical Measures of Significance Levels Between 
Study Groups 
Right elbow Left elbow 
MALES 
*Terry / Pecos 
*Terry /Eskimo 
Pecos/ Eskimo 
White/ Black 
FEMALES 
*Terry / Pecos 
*Terry / Eskimo 
Pecos/ Eskimo 
White/ Black 
21-40 41+ 
0.001 0.001 
0.05 0.001 
0.05 
O.oI 
0.10 
* = White and Black combined 
- = > 0.10. 
21-40 41+ 
0.001 0.001 
0.01 0.001 
0.01 
0.01 
0.001 
0.01 
O. IO 
olecranon fossae vary directly with the pronation/ 
supination component and inversely with those vari-
ables associated with strictly flexion/extension move-
ments . Conversely, age is most associated with 
changes in the flexion/extension component but ap-
pears essentially independent of the pronation/supi-
nation function. 
Rotation (oblique) simplifies this pattern of vari-
associated with those areas involved in rotary func-
tion: superior radial surface, capitular surface, infe-
rior lipping of radial head, lipping of capitulum, lip-
ping of the radial facet on the ulna, and lipping of the 
lateral margin of the head of the radius. In addition, 
other areas of osteophyte formation (trochlea, olecra-
non, coronoid processes) are also moderately loaded 
on this factor. Even more distinctly than in the unro-
tated solution, age and changes on the articular sur-
faces of the ulnohumeral component are now clearly 
unassociated. 
Conversely, the second rotated factor is almost 
exclusively associated with variation in the ulno-
humeral joint. The trochlear surface on the humerus 
as well as both surfaces of the olecranon and coro-
noid processes of the ulna are strongly associated 
here. The articular surface of the radial facet of the 
ulna is also highly loaded, and this is the only vari-
able in any way connected with rotary function corre-
lated with changes in the strictly flexion/extension 
component; however, surface changes in this part of 
the joint are independent of even peripheral lipping 
around this area. In fact, the Pearson correlation 
between these two variables (Ulna C and Ulna F) is 
only .2408. Apparently, surface changes on the radial 
TABLE 2 
Factor Loadings for Right Elbow Analysis-Terry Collection (N* = 444) 
UNROTATED ROTATED 
(principal components) (oblique solution) 
Factor I Factor 2 Factor 3 Factor I Factor 2 Factor 3 
Age .42 - .44 .44 .74 
Lateral trochlear ridge .63 . II .59 
Trochlea-medial margin .38 -.44 .43 .72 
Capitulum-lateral margin .75 .II .69 - .IO 
Olecranon fossa .64 .23 .69 
Coronoid fossa .66 .34 -.13 .80 -.17 
Trochlea-articular surface .38 - .48 -.32 -.67 .II 
Capitulum-articular surface .66 .27 .74 
Coronoid process-lip .63 - .22 .40 .31 .62 
Olecranon process-lip .75 .27 .57 .42 
Radial facet-lip .68 .16 .67 
Coronoid process-surface .45 - .41 - . IO -.46 .27 
Olecranon process-surface .35 - .39 -.4 1 - .67 
Radial facet-surface .45 -.37 - .55 . II -.78 -.14 
Radial head-superior surface .75 .18 .12 .74 .16 
Radial head-inferior margin .83 .19 .82 
Radial head-lateral surface .70 .13 - .15 .67 - .16 
Values < .I are omitted 
* N = number of individuals 
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facet are either in some way functionally tied to flex-
ion/extension movements or act idiosyncratically 
with respect to elbow function. In this second factor, 
age is again insignificantly correlated, thus suggesting 
that aging does not play a major role in degeneration 
of either functional component within the elbow. 
Only on the third factor in the rotated solution 
does age appear to be a primary factor in its associa-
tion with the lateral trochlear ridge and lipping of the 
coronoid process of the ulna. Apparently, age does 
not act directly on variation within the major func-
tional components of the elbow but only on a few 
localized areas. The consistent association of age with 
changes on the lateral trochlear ridge is probably 
explained by the particular coding for this variable, 
the first stage of which is characterized by rounding 
and rubbing down of this ridge. As Goodfellow and 
Bullough43 noted, such progressive remodeling with 
closer joint congruity is characteristic of advancing 
age in the elbow. 
Since the pattern of degenerative involvement of 
the elbow is especially distinct among Eskimos, this 
population was also subjected to multivariate analy-
sis (Table 3). 
Stress-correlated variation is even more distinct 
among the Eskimo sample than was true for the 
Terry Collection, as age is relatively the least corre-
lated variable in the initial factor (compared to the 
third lowest in the Terry analysis). In the Eskimos 
there are again strong associations for all parts of the 
mixed rotary component of the elbow and relatively 
low ones for those related to strictly flexion-extension 
function ; moreover, the Eskimos tend to show more 
relative involvement of those specific joint areas most 
associated with strong pronation/ supination func-
tion of the forearm, the capitular surface of the hu-
merus, and the superior surface of the head of the 
radius . 
As with the Terry sample, osteophytes through-
out the joint have significant loadings on this first 
factor. Since this initial factor is not heavily age-
dependent, osteophyte formation seems to stand in a 
different functional relationship to surface degenera-
tive change than is true for any of the other large 
peripheral joints. 35 Jn the elbow, osteophytes appear 
to form as a direct corollary of articular surface de-
generation and are linked specifically to degeneration 
resulting from a strong mixed-rotary movement. Or-
tner31 also has noted that degenerative changes in this 
part of the joint are related specifically to sporadi-
cally severe rather than constant stress. 
This stress-associated factor contributes signifi-
TABLE 3 
Age 
Lateral trochlear ridge 
Trochlea-medial margin 
Capitulum-lateral margin 
Olecranon fossa 
Co ronoid fossa 
Trochlea-articular surface 
Capitulum-articular surface 
Coronoid process-lip 
Olecranon process-lip 
Radial facet-lip 
Coronoid process-surface 
Olecranon process-surface 
Radial facet-surface 
Radial head-superior surface 
Radial head-inferior margin 
Radial head-lateral surface 
Values < . I are omitted 
• N = number of individuals 
Factor Loadings for Right Elbow Analysis-Eskimo Collection (N* = 146) 
UNROTAT ED 
(principal components) 
Factor I Factor 2 Factor 3 
.36 
.80 
.47 
.84 
.82 
.86 
.39 
.85 
.87 
.87 
.85 
.54 
.54 
.44 
.88 
.81 
.82 
- .44 
- .42 
.24 
.12 
.24 
- .63 
.27 
- .21 
- .18 
.13 
- .50 
- .30 
.15 
.12 
.12 
.30 
- .60 
- .15 
- .44 
.39 
.17 
.54 
.31 
ROTATED 
(oblique solution) 
Factor I Factor 2 Factor 3 
.72 
.17 
.90 
.79 
.91 
- .16 
.94 
.60 
.64 
.83 
.18 
.45 
.85 
.80 
.93 
- .13 
- .88 
.13 
- .34 
- .26 
- .64 
- .74 
- .17 
- .80 
- .23 
-.67 
- .23 
- .27 
-.20 
.23 
.29 
- .10 
.10 
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cantly to the o verall pattern of variation among the 
Eskimos when co mpared to modern Americans. In 
the Eskimo analysis the percentage of variation of 
this fi rst factor is 53 .6%, while fo r the Terry Collec-
tion it cont ributes o nly 37.6% to the total variation. 
The pattern o f stri ctl y sagitta l function (Table 3, 
F actor 2) is a lso clearly distinct in the Eskimo popu-
lation. 
T he respective rotated facto r solutio ns clarify 
the above patterns with even g reater emphasis among 
Eskimos o n the radiohumeral a rticula tion in the first 
fac tor and the ulno humeral component in the sec-
ond facto r. The third factor a lso generally corre-
sponds in the two populations, but in the Eskimos, 
age appears even more isolated from a ll other varia-
tio n within the jo int. 
The results o f the va rio us facto r a nalyses po in t 
c learly to the ro le of functio nal stress in degenerati ve 
involvement o f the e lbow. In fact , stress-associated 
varia tion appears to be of primary impo rtance in this 
j oint. N ot o nly a re there age-independent changes in 
the elbow, but they also tend to be localized with 
respect to variable jo int fun ctio n. The most pro-
nounced pattern o f degeneration is associated with 
mixed-rotary motion (especia lly the radiohumeral 
compo nent ), while degeneratio n o f the ulnohu-
meral compo nent (associated with strictly hinge mo-
tio n) is secondary a nd independent o f mixed-rotated 
functio n. While biologica l age contributes somewhat 
more to the sagittal functional component, it does 
not p lay any significant pa rt in degenerative varia-
tio n within the elbow (except for a tertiary effect 
o n some localized areas). 
Discussion 
F unctio n within the elbow is in timately associ-
a ted with the nature and location o f degenerative 
changes that occur there. The distinctive pa ttern of 
degeneration within the mixed-rotary component, 
seen particularly in Eskimos, is related to the greater 
a mo unt of functional stress in this part of the jo int. 
Within the radio humeral a rticula tion, two kinds of 
movements, rota tion in pronatio n/ sup ination a nd 
gliding in fl exion/ extension, occur conjoint ly, and 
there is t hus quanti tatively more rubbing in this pa rt 
o f the elbow than in other a rticular areas of the 
joi nt.3 1•43 •44 Degenerat ive changes are so marked here 
beca use the area over which stress is di stributed in 
the radiohu meral articula tion is qui te sma ll , being 
loca lized to the radia l head and center o f the capitu-
lum; in fact , O rtner31 estimates the total area o f stress 
distribution here as less than one fifth of that in the 
ulnohumeral component. 
Soft tissue analysis has also confirmed the 
greater tendency for elbow involvement in the rotary 
compo nent. Heine17 observed the greatest amo unt of 
degeneration in the head o f the radius, la teral troch-
lear ridge, and o n the capitulum. In addition, Good-
fellow and Bullo ugh 43 in a study of 28 cadavers o b-
served a s im ilar pa tte rn with t he greatest 
degeneration on the complementary surfaces of the 
radiohumeral a rticulatio n. 
In an osteologica l study o f a small Californ ia 
India n sa mple A ngel44 found 6 of 13 male elbows 
severely affected . He concluded that this high fre-
quency of degenerative elbow disease was related to 
functional stress facto rs and suggests spear throwing 
with a n a tlatl as a likely possibility. 
A ngel fu rther suggests the possibility of genetic 
factors in degenerative disease and cites N agura's45 
findings of abnorma lly high frequencies of osteo-
chondritis dissecans in the elbows of Japanese a th-
letes. This condition, resulting from traumatica lly-
induced avascular necrosis, was o bserved by N agura 
to appear c linically more often in ma les and most 
often in the right elbow. Most o f these cases were 
baseball p layers who subject their th rowing arms to 
repeated severe functional stress. This conditio n ap-
pears to be fa irly common in such individuals- a l-
tho ugh no epidemiologica l studies have been do ne-
the inference being that chronic functio nal stress can 
cause severe degenerative d isease in the elbow j oints 
of yo ung adul ts. 
Epidemiological investigatio ns have estab lished 
a clear associa tion between high levels of occupa-
tio nal stress a nd an increased incidence o f degenera-
tive elbow disease. Pneumatic tool use in particular 
has been o bserved to increase the frequency and 
severity of degenerative involvement. 46 - 49 
The significantly higher incidence a nd more se-
vere involvement seen in Eskimos is also probably 
associa ted with high levels of functio na l stress; how-
ever, it is not sufficient merely to allude to a general 
correspo ndence between environ mental stress a nd 
the incidence of degenerative join t d isease. In o rder 
to build a convincing argument for its etiology, more 
precise da ta on specific modes of cul tural behavior 
must be correlated with the pa ttern of degenerative 
invo lvement. If lifestyles do indeed influence the 
di stri bution o f degenerative disease, it sho uld be pos-
sible to fra me hypotheses isola ting the kinds of activi-
ties which are most likely to have degenerative effects 
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and those parts of the body which will most probably 
be involved. 
Recent ethnographic studies, as well as ethno-
historical reconstruction, leave little doubt that ex-
treme functional stress associated with the envi-
ronment is an unavoidable concomitant of Eskimo 
life.50· 51 Stress associated with this lifestyle is both 
often of a high amplitude and lasts a good part of the 
day throughout the year. It is not surprising, there-
fore, that Eskimos have the highest frequency and 
grea test severity of degenerative disease of any of the 
populations sampled. Eskimo lifestyles also demand 
that children become actively engaged at an early 
age51 ; thus, Eskimos, particularly males, have the 
earliest age of onset of degenerative disease. 
The most significant environmental stresses and 
the ways in which they affect the elbow joint include 
all the common means of protohistoric arctic trans-
portation. Sled driving was probably the most de-
manding exercise, subjecting a ll the large joints to 
both severe and frequent stress. Riding over rough ice 
was particularly arduous, jolting, jarring, and often 
throwing the driver off the sled.50 The driver thus had 
to hold on constantly, placing severe stress on all 
joints of the upper limbs both right and left. Such 
physical activi ty agrees well with the pattern of elbow 
disease seen among Eskimos: both sides involved for 
both men and women . Since sled driving (and push-
ing) was often done by women as well as men, the 
correlation between the activity and the pattern of 
involvement is noteworthy. Surprisingly, Nelson 50 in 
a full year of st udy of modern Eskimos did not ob-
serve a single case of extreme tra uma associated with 
sled driving, the worst injury being a severe leg 
bruise. The stress effect of this activity, thus, prob-
a bly invo lves the cumulative result of repeated 
traumata simi lar to those observed in epidemiologi-
cal studies of pneumatic drill users . 
Leaning on a n ice prod while walking on ice or 
thrusting through the surface of the ice to check for 
depth a lso places great amounts of bila teral stress on 
the arms. Either of these activities could well contrib-
ute to the high incidence of elbow disease among 
Eskimos. In additio n, boat rowing subjects the upper 
limb to a great deal of stress. Such activity, involving 
repeated powerful extension of the arm, would place 
a high functional stress on the elbow especia lly; 
moreover, this would be largely bilateral in nature, 
again corresponding to the pattern of elbow in-
volvement observed in the Esk imo population . 
Other act ivities associated with hunting in boa ts, 
such as harpooning, lancing, and holding onto the 
line, once a whale or walrus was harpooned, are all 
associated with considerable functional stress on the 
upper limbs. Moreover, two of these activities (har-
pooning and lancing) are laterally oriented and 
should thus affect the body asymmetrically. Such 
physical activit ies do , in fact, correlate well with the 
somewhat greater degree of right elbow involvement 
seen in male Eskimos. 
All members of the community would have sub-
jected their whole bodies, especially their upper ex-
tremities, to severe stress when pulling captured 
whales onto shore for butchering. This latter activity, 
taking several hours, would have added to the stress 
load on the upper limbs. 
Extreme laterally oriented functiona l stress 
would have been involved in bird hunting with bolas 
or bow a nd arrows, an activity in which both men 
and women participated. The fact that degenerative 
elbow disease is extremely frequent in Eskimo women 
leading the traditional lifestyle as well as men may be 
associated with such common activity patterns; how-
ever, the customary Eskimo feminine activity of 
working hides may have been especially importa nt in 
initiating degenerative elbow disease. This activity, 
demanding strong extension of the forearm, would 
have p laced lo ng-term severe stress on the elbow. 
Table 4 summarizes the major forms of Eskimo 
cultural activities that would most likely influence the 
pattern of degenerative involvement. 
Archaeological and ethnographic evidence con-
cerning the lifestyle of Pueblo Indians indicate that 
the greatest amount of stress was associated with 
agricultural tasks. Initial clearing of fields, weeding, 
harvesting, and grinding corn in a metate all involved 
considerable stress, particularly on the upper limbs; 
however, ethnographic evidence from a modern 
Pueblo population indicates that the growing season 
was probab ly short in ancien t times.52 The frequency 
of applied functional stress should therefore have 
been correspondingly lower than that for Eskimos 
who were actively engaged in rigorous subsistence 
activities for most o f the year. Almost certainly 
Eskimos regula rly subjected their bodies to much 
more severe individual stress than was typica l for 
Pueblo Indians. 
Since the lifestyle of these settled agricu lturists 
was apparen tly much less continuo usly strenuous 
than that which typified a rctic hunters, it is notewor-
thy to find the severity of degenerative disease con-
comitantly higher for Eskimos than fo r Pueblo In-
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MALES 
FEMALES 
TABLE 4 
Eskimo Activity Patterns 
BILATERAL 
Use of ice prod 
Sled driving and 
pushing 
Rowing; holding 
onto tow line 
Sled driving and 
pushing 
Hide preparation 
UNILATERAL 
Harpooning, lancing; 
bola throwing; bow 
and arrow 
Butchering: whale 
and walrus 
Bola throwing 
dians . Therefore, there seems to be good evidence to 
support the hypothesis that stress-associated behav-
ior can lead to earlier onset and more severe in-
volvement of degenerative disease. 
An alternative hypothesis could also include the 
effects of diet. The Eskimo diet consisted exclusively 
of meat,50•51 while Pueblo Indians had only limited 
meat resources .53 Experimental studies with mice54 •55 
have found a correlation between high-fat diets and 
the incidence of degenerative disease; an association 
between serum cholesterol levels and osteoarthritis of 
the hands has also been found in humans.56 However, 
if degenerative disease were stimulated by dietary/ 
metabolically induced agen ts, it should be manifested 
as a general phenomenon throughout the body. Find-
ings of a low incidence of osteoarthritis of the hands 
in Eskimos, 57 therefore, tend not to support such a 
systemic, metabolically oriented etiology. 
The characteristic lifestyle of modern American 
urban populations a !so is not generally as function-
ally strenuous as that of the Eskimos, and degenera-
tive elbow disease is significantly less frequent among 
modern Americans than among Eskimos. Com-
parisons between modern Americans and Pueblo In-
dians are not so distinct, as no significant differences 
in frequency of involvement are found. No doubt, 
certain occupational tasks (such as pneumatic tool 
use, heavy construction work, and others) could eas-
ily duplicate or exceed stress levels typical for settled 
agriculturists . 
Among the modern American population sam-
pled, blacks tend to show somewhat more in-
volvement than whites which may also relate to levels 
of function a l stress. Urban ethnography58 indicates 
that blacks are more frequently employed in occupa-
tions demanding heavy manual labor than are whites; 
th us, the higher incidence of degenerative disease 
seen in black Americans may well be a direct result of 
the more severe functional demands of strenuous oc-
cupations. Once again there appears to be solid evi-
dence pointing to a significant contribution of stress-
associated factors in the etiology of degenerative joint 
disease. 
Summary 
Much of the paleoepidemiological data on de-
generative elbow disease points strongly toward the 
influence of functional stress factors. Patterns of vari-
ation within the joint indicate that most changes are 
independent of age; moreover, the patterns of degen-
erative involvement are clearly localized to mixed-
rotary and strictly sagittal, functional components 
within the elbow. 
The distribution of elbow involvement within 
and between populations also strongly supports the 
stress hypothesis. Eskimos stand alone in the fre-
quency and severity of involvement, and blacks tend 
to be more affected than whites . Furthermore, these 
differences are consistently more pronounced among 
males and tend to be expressed in more severe form 
on the right side of the body. 
Finally, there is some indication that systemic 
factors are also acting in those groups not under 
severe cultural stress (that is, all females except Eski-
mos). White, black , and Pecos females all show a 
tendency to have sharply increased frequencies of 
involvement in late middle age, implying the possible 
influence of endocrine changes associated with men-
opause. 
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BOOK REVIEW 
Howard, Philip. New Words for Old. New York, 
Oxford University Press, 1977. xv, 127 p., $8.95. 
One of the occupational hazards of editors is 
jargon and there is plenty of it around these days; 
perhaps a more expressive word for it is "gobbledy-
gook," the argot beloved of federa l officials. Jargon 
has its place-words that describe technical aspects 
of work must exist-but to bend the meaning of 
good, old words is confusing and unnecessary. This 
is the theme of Philip Howard's book, first published 
in The Times of London. Apart from its scholarly 
content, there are many diversions into the meaning 
of words: "Denim came from Serge de Nimes (the 
manufacturing town . .. in the South of France)" 
and "Jeans ... from the material manufactured at 
Genes, the French name for Genoa." 
Unlike Edwin Newman's recent anecdotal vo l-
umes,' New Words for Old is arranged in two- to three-
page sections, each headed by one of 42 jargon words; 
it is also more pointed, less fo lksy, and better written 
than Newman's books. Such standards as "charisma," 
"consensus," "hopefully," "interface," "prestigious," 
" scenario," and "sophisticated" come in for their 
measure of scorn, but of more interest to physicians 
are the subverted scientific words "clinical," "syn-
drome," and our old battered friend, "parameter. " 
"Clinical" comes from the Greek word meaning 
bed and is therefore used correct ly in "clinical medi-
cine," that is, medicine at the bedside; but "Sensitive 
clinical doctors are upset that laymen understand 
their epithet to mean dispassionate, cold-blooded, 
and even computer- like . . . . " "Syndrome"- "a con-
currence of symptoms"- is a lso used correctly in 
medical practice as in "Korsakoff's Syndrome," but 
it is meaningless to say "a physical fitness syndrome" 
or "a football fan syndrome." "Parameter" has far 
1 Newman , Edwin. S1ric1ly Speaking. Indianapolis, Bobbs-
Merri ll , 1974. Newm an, Edwin . A Civil Tongue. Indianapolis, 
Bo bbs-M errill , 1975. 
outstripped its original mathematical meaning; often 
there seems to be some confusion with "perimeter," 
but parameter has never meant a boundary in a vague 
sense. This is another example of what Mr. Howard 
calls "hyperparametritis," an obfuscation of mean-
ings beyond the scientific definitions given in his book. 
"Usage" is the war cry of the self-styled inno-
vators of language, but H .W. Fowler, the greatest 
expert of all on usage, would have none of today's 
misplaced jargon. Modern English Usage, 2 Fowler's 
classic (another vogue word, but justified in this in-
stance) is quite clear on what jargon is: "Jargon is 
talk that is considered both ugly-sounding and hard 
to understand . . . the use of long words, circumlocu-
tion, and other clumsiness." 
Do we have to "prioritize" the words we use? If 
we do (or perhaps if we do not), we might manage to 
save the English language-" hopefullywise," did you 
say? 
F.J .S. 
2 Fowler, H.W. A Diclionary of M odern t :nglish Usage, ed 2. 
(Revised by Sir Ernest Gowers). New York, Oxford University 
Press, 1965. 
OTH ER BOOKS O N USAGE AR E: 
EVANS, BERGEN AN D EVANS, CORNELIA: A Diclionary of Conlem-
porary American Usage. New York, Random Ho use, 1957. 
FOLLETT, WILSON: Modern A merican Usage, (edited and com-
pleted by Jacques Barzun). New York, Hill and Wang, 1966. 
GOW ERS, SIR ERNEST: The Comp/e/e Plain Words. Harmonds-
worth, Penguin Books, 1963 . 
(Sir Ernest quotes this example of unspoiled writing from a ten-
year-o ld child's essay: " The cow is a mamm al. It has six sides-
right , left , an upper and below . . . The head is fo r the purpose of 
growing horns and so that the mouth can be somewhere. The 
horns a re to butt with and the mouth is to moo with . Under the 
cow hangs the mi lk. It is a rranged for milking ... The cow has a 
fin e sense of smell ; one can smell it fa r away. This is the reason 
fo r the fresh air in the country." 
PARTRIDGE, ERIC: Usage and A busage. Harmondsworth , Penguin 
Books, 1973 (with a ni ne-page section on " Vogue Words" ). 
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WALTER J. GEERAETS, M.D. 
1922-1977 
Walter J. Geeraets was born September 27, 1922, 
in Monchengladbach, Germany to Dutch parents. 
He entered the Rheinische Fredrich Wilhelms Uni-
versity School of Medicine, Bonn, and was awarded a 
Doctor of Medicine degree in 1952. From 1952 to 
1956 he served as a resident in Diagnostic Radiology 
at the University Radiation Institute, Bonn, and in 
general surgery in Bochum, Germany. He came to 
the United States on an educational leave of absence 
in 1956 and in January the following year, he began a 
rotating internship at the Medical College of Vir-
gin ia. After completing his internship, he became a 
National Institutes of Health (NIH) special trainee in 
Ophthalmology and in 1960 joined the faculty of 
MCV as an Associate Professor of Ophthalmology. 
In 1963 he advanced to full professor. 
Dr. G eeraets, who became a US citizen in 1964, 
58 
was a member of numerous national and inter-
national professional societies and served as a consul-
tant to various government agencies and industrial 
corporations. He was the author of over 100 scientific 
papers and the editor of a reference work, "Ocular 
Syndromes" which has gone through three editions, 
the most recent being published in 1977. He was also 
the co-translator of Thiel's "Atlas of Diseases of the 
Eye." 
During his years in the Department of Ophthal-
mology at MCV, Dr. G eeraets expanded ;rnd im-
proved the resident training program and increased 
substantially the research facilities and activities of 
the Department. His death on September 14, 1977, in 
Richmond has saddened his many friends and col-
leagues and deprived the faculty of M CV of one of its 
most valued members. 


A normal reaction to emotional stress is a marked 
increase in both the strength and frequency of wave-like 
contractions of colonic motility.1 However, in the patient 
with irritable bowel syndrome, this psychovisceral 
reaction is of greater intensity and duration than normal.2 
The result can be G.I. spasm. 
When spasm and pain associated with irritable bowel 
syndrome call for treatment beyond your counseling and 
reassurance, Donnatal may prove to be a helpful adjunct. 
The smooth central sedation and prompt peripheral 
antispasmodic/anticholinergic action of Donnatal may 
provide this symptomatic relief necessary to help calm 
the waves ... and quell the spasm. 
References: 1. Almy, TP., Kern, F. , and Tulin, M.: Alterations in colonic function in 
man under stress. II: Experimental production of sigmoid spasm in healthy persons. 
Gastroenterology 12(3):425-436, 1949. 2. Almy, TP., Hinkle, L.E., Berle, B., et al.: 
Alterations in colonic function in man under stress. Ill: Experimental production of 
sigmoid spasm in patients with spastic constipation. Gastroenterology 
12(3):437-449, 1949. 
'''Indications: Based on a review of this drug by the NAS/ NRC and / or 
other information, FDA has classified the following indications as 
possibly effective: adjunctive therapy in the treatment of peptic ulcer; 
the treatment of the irritable bowel syndrome (irritable colon, spastic 
colon, mucous colitis) and acute enterocolitis. 
Final classification of the less-than-effective indications requires 
further investigation . 
Contraindicated in patients with glaucoma, renal or hepatic 
disease, obstructive uropathy (for example, bladder neck obstruction 
due to prostatic hypertrophy), or a hypersensitivity to any of the 
ingredients. Blurred vision, dry mouth, difficult urination, and flushing or 
dryness of the skin may occur at higher dosage levels, rarely at the 
usual dosage. 
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the spasm relaxer 
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each tablet, capsule 
or 5 ml (tsp) of elixir 
(23% of alcohol) 
('!. gr) 
16.2 mg 
0.1037 mg 
0.0194 mg 
0.0065 mg 
each 
Don natal 
No. 2 Tablet 
(Y2 gr) 
32.4 mg 
0.1037 mg 
0.0194 mg 
0.0065 mg 

